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PREFACE 
These proceedings c o n t a i n  a s e l e c t i o n  o f  papers  d e a l i n g  wi th  
energy and mineral  r e sources  d a t a  bases ,  g iven  a t  t h e  Fourth 
IIASA Resources Conference. This conference i n  f a c t  was organized  
a t  t h e  c r o s s i n g  of  t h r e e  d i f f e r e n t  evo lu t ions :  
The f i r s t  l i n e  of  even t s  was an IIASA series of  Resources 
Conferences, aimed a t  a b e t t e r  unders tanding of  world energy 
resources .  The f i r s t  conference,  i n  1975, was devoted t o  t h e  
Methods and Models f o r  Assessing Energy Resources. The second 
one, i n  1976, j o i n t l y  organized wi th  UNITAR, d e a l t  w i th  t h e  Future  
Supply of  Nature Made Petroleum and Gas; and t h e  t h i r d ,  i n  1977 
i n  Moscow, covered Coal Resources ( a l l  of  them publ ished i n  t h e  
Pergamon Proceeding S e r i e s ) .  
The second evo lu t ion  was a growing concern a t  IIASA, and 
equa l ly  a t  many o t h e r  i n s t i t u t i o n s  a s  expressed dur ing  t h e s e  
e a r l i e r  Resources Conferences, about  r e source  d a t a  c o l l e c t i o n ,  
handl ing,  p rocess ing  and u t i l i z a t i o n .  To b u i l d  models i s  one 
th ing ;  t o  feed them wi th  t h e  a p p r o p r i a t e  d a t a  i s  ano the r .  
F i n a l l y ,  it was c l e a r  t h a t  energy can be  less and less i s o l a t e d  
from o t h e r  resources  which a r e  r equ i red  f o r  i t s  development, such 
a s  water ,  l and ,  human re sources  and, of course ,  mineral  r e sources .  
Some new energy r e sources ,  such a s  s o l a r ,  w i l l  be h igh ly  m a t e r i a l  
i n t e n s i v e .  This i s  j u s t  one example o f  t h e  growing systems a s p e c t s  
between energy and minera ls  and/or m a t e r i a l s .  
A l l  of t h e s e  concerns l e d  t o  t h e  o rgan iza t ion  of  t h i s  
conference.  I n  f a c t ,  it was organized a s  a two-part conference,  
t h e  f i r s t  (more t e c h n i c a l )  p a r t  on energy and minera l  r e sources  
d a t a  bases ,  documented i n  t h i s  pub l i ca t ion ;  t h e  second* p a r t  on 
a r e l a t e d  subjec t - - the  systems a s p e c t  of energy and mineral  
resources--  wi th  t h e  o b j e c t i v e  t o  provide a forum t o  d i s c u s s  t h e  
inc reas ing  in te rdependencies  and i n t e r r e l a t i o n s  between energy 
and mineral  r e sources ,  b u t  equa l ly  t o  pu t  t h e  papers d e a l i n g  wi th  
d a t a  bases  i n  t h e  r i g h t  pe r spec t ive :  namely, t h a t  t h e s e  d a t a  
bases  should no t  be considered i s o l a t e d  from each o t h e r ,  b u t  
r a t h e r  from a pe r spec t ive  of  i n t e g r a t i v e  ( o r  systems)  s t u d i e s  of  
energy - and mineral  r e sources .  This a spec t  and i ts  r e s u l t i n g  
requirements f o r  d a t a  base development is  d i scussed  i n  a number 
o f '  papers  conta ined  i n  t h e s e  proceedings.  
Regarding t h e s e  proceedings on Energy and Mineral Resources 
Data Bases, it is c l e a r  t h a t  t h e  l a s t  years  have seen a l o t  of  
i n t e r e s t i n g  developments. Maybe t h e  most important  was t h a t  
t h e  f i r s t  d a t a  b a s e s  w e r e  developed wi th  t h e i r  own sof tware.  
* 
Proceedings o f  t h e  papers presented  i n  t h e  second p a r t  of  t h e  
conference w i l l  n o t  be publ ished.  Ind iv idua l  papers a r e  a v a i l -  
a b l e  from IIASA on r e q u e s t .  
It was, of course,  s u i t e d  t o  t h e  s p e c i a l  needs o r  concepts  of 
t h e  developer (no t  n e c e s s a r i l y  t o  those  of t h e  u s e r ) ,  b u t  
very s p e c i f i c .  
Today, many s o p h i s t i c a t e d  Data Base Development Systems a r e  
commercially a v a i l a b l e ,  which permit  us t o  concen t ra t e  more on 
t h e  d a t a  i t s e l f  t han  on t h e i r  handl ing.  S u r p r i s i n g l y ,  i f  w e  
cons ider  t h e  enormous amount of s t u d i e s  which have been devoted 
dur ing  the l a s t  decade t o  t h e  energy problem, only  a few have 
d e a l t  w i th  energy resources--although t h e s e  w i l l  shape any energy 
future--and s t i l l  less t o  energy resource  d a t a  bases .  This 
apparent  de f i c i ency ,  a s  w e l l  a s  t h e  time f a c t o r  involved i n  des ign ,  
development, implementation and cont inous updat ing ( i . e . ,  t h e  
bu i ld ing  and maintainance of  such d a t a  bases  i s  a long term 
a c t i v i t y ) ,  exp la ins  why w e  considered it u s e f u l  t o  make t h e  
papers  presented a t  t h i s  conference a v a i l a b l e  t o  a broader  publ ic ,  
d e s p i t e  a c e r t a i n  de lay  i n  t h e  pub l i ca t ion ,  which w e  s i n c e r e l y  
r e g r e t .  However, t h e  d a t a  bases  presented i n  t h e s e  proceedings 
a r e  p r a c t i c a l l y  a l l  s t i l l  a c t i v e l y  pursued and a c c e s s i b l e ,  and 
cover t h e  most r e l e v a n t  developments i n  t h e  f i e l d ,  s o  t h a t  t h e  
Ed i to r s  hope t h a t  t h i s  pub l i ca t ion  c o n s t i t u t e s  a good c o n t r i b u t i o n  
f o r  a s s e s s i n g  the s t a t e  of development, and a v a i l a b i l i t y ,  of  
energy and mineral  resources  d a t a  bases .  I t  should be  considered 
l e s s  a s  an end p o i n t ,  than  r a t h e r  a s  a s t a r t i n g  p o i n t .  
Michel Grenon 
Arnulf Griibler 
Note: The Ed i to r s  assume f u l l  r e s p o n s i b i l i t y  f o r  t h e  s e l e c t i o n  
of papers  and f o r  any e d i t o r i a l  changes, which w e  hope 
d i d  no t  change t h e  substance of  the papers presented.  
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PART 1 
GENERAL 
Global Resource Assessment Methodologies 
Allen L. Clark, Jennifer L. Cook and 
Simon M. Cargill ~ .. 
U.S. Geological Survey 
Reston, Virginia 22092 
The need to assess the present and potential adequacy of the 
global supply of energy and mineral resources has assumed 
critical importance both in developed and the developing 
countries. Because resource estimates are being used in 
critical decisions, it has become necessary to more clearly 
define the assessment methodologies, their data requirements, 
data dependencies, the quantitative accuracy of the resultant 
assessment, and to develop an interface between the assess- 
ments and economics. Six major assessment methodologies are 
commonly employed: 
1) Areal value estimation: extrapolation of a representative 
estimated mean unit value to the region of interest. 
2) Volumetric estimation: extrapolation from a representative 
estimated mean concentration of a unit volume to the volume 
of interest. 
3) Abundance estimation: estimation of the amount of recover- 
able resource from a representative mean abundance through 
an empirical function. 
4) Deposit modeling: estimation of resources in a specific 
geological environment based on the analysis of character- 
istics of known deposits in similar environments. 
5) Delphi estimation: estimation of resources based on iterated 
collective opinion. 
6) Integrated synthesis: a resource estimate based upon a 
combination of integration, or both, of some or all of the 
above methods. 
The major assessment methodologies have been applied in several 
ongoing national programs or as part of pilot programs spon- 
sored by International Geological Correlation Program project 
98. Specific programs are: Areal value estimation (United 
States, South Africa, New Zealand, Canada, Australia, United 
Kingdom and Ireland, Mexico); volumetric estimation (United 
States, Mexico); abundance estimation (worldwide); deposit 
modeling (Canada, United States, Norway, Finland, Cyprus, 
Turkey, Mexico); Delphi method (Mexico, United States, Canada); 
and integrated synthesis (Alaska, Canada). 
To date resource estimates for both energy and minerals have 
been inadequate for use in national development planning, land- 
use planning, resource supply analysis, and particularly in 
econometric modeling. 
The ultimate goal of a resource assessment is to provide a 
disaggregated estimate of resource potential in terms of qual- 
ity, quantity, and location. The disaggregated results are 
critical if resource data are to be effectively utilized as 
input to models, such as the Clark-Drew Resource System Model, 
which attempts to integrate disaggregated data inputs into an 
occurrence model, a search model, and finally into an econo- 
metric model which produces an estimate of supply, through 
time, with various price assumptions. 
INTRODUCTION 
The ever increasing demand for a continuing supply of energy and 
mineral commodities to meet the world economies needs, for the short, 
intermediate and long term, has also resulted in an increasing demand 
for more and better reserve and resource information. This need for 
more information, with an attendant need for greater specificity with 
respect to the location, quality and quantity of reserves and resources, 
is necessitating the refining of old techniques and the development of 
new resource assessment methodologies. 
At present a wide range of resource assessment methodologies are 
required because: 
(a) Clear definitions of reserves and resources have been absent 
and as a result available estimates represent a mixture of the two. This 
mixture of reserve and resource data makes it's use difficult and of 
questionable value in most analyses. 
(b) All resource assessment methodologies are highly data dependent 
and in the majority of cases insufficient data are available to support 
detailed resource assessments. 
(c) The lack of adequate data and detailed resource assessments 
necessitates that resource estimates be highly aggregated. The highly 
aggregated nature of the estimates negates their use as basic inputs to 
econometric models. 
(d) Insufficient data, on the tonnage, grade and size distribution 
of mineral and energy deposits, are available to apply resource assessment 
methodologies to frontier areas or areas of low geologic knowledge. As a 
result resource assessments for large portions of the earth's surface are 
not possible. 
Given all of the above problems, there still remains the need for the 
basic inputs of reserve and resource data to analyse short to long term 
mineral and energy supply. As a result of this need, six basic resource 
assessment methodologies, each of which gives a differing- estimate because 
of the data used in the method, are commonly utilized and discussed in 
the subsequent portions of this paper. 
RESERVE VS RESOURCE ASSESSMENT 
Prior to the discussion of resource assessment methodologies, or 
resource estimates derived for the assessments, it is necessary to have 
a clear understanding of the concepts of reserves and resources. For the 
purpose of this discussion the authors use the reserve-resource definitions 
developed by the U.S. Geological Survey and the U.S. Bureau of Mines 
(U.S. Geological Survey and U.S. Bureau of fines, 1976): 
Resource - A concentration of naturally occurring solid, liquid or 
gaseous material, in or on the earth's crust in such a form that economic 
extraction of a commodity is currently or potentially feasible. 
Reserve - That portion of the identified resource from which a useable 
mineral and energy commodity can be economically and legally extracted at 
the time of determination. 
Within the senera1 resource category two major subdivisions, based 
primarily on the level of geologic information, are defined: 
Hypothetical Resources - Undiscovered resources that may reasonably 
be expected to exist in a known mining district under known geologic 
conditions. 
Specula t ive  Resources - Undiscovered resources t h a t  may occur e i t h e r  
i n  known types of depos i t s  i n  a favorable  geologic s e t t i n g  where no 
d i scover ies  have been made, o r  i n  unknown types of depos i t s  t h a t  remain t o  
be recognized. 
An a n a l y s i s  of t h e  d e f i n i t i o n s  of r ese rves ,  and resources ,  (hypothet ica l  
and specu la t ive )  w i l l  c l e a r l y  show t h a t  each category is  highly  d a t a  dependent 
and has a corresponding l e v e l  of c e r t a i n t y  which is a funct ion of t h e  da ta .  
These f a c t o r s  become of primary importance when rese rve  and resource  es t ima tes  
a r e  used i n  a n a l y t i c a l  models which r e q u i r e  rese rve  and resource d a t a  a s  
a primary input .  The r e l a t i o n s h i p  of t h e  va r ious  reserve  and resource 
ca tegor ies  and t h e i r  r e l a t i v e  economic and geologic c e r t a i n t y  a r e  shown i n  
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Figure 1. IMCKCIV~ clasJification diagram of reserves and resources. 
The major i ty  of economic models of mineral  and energy supply have been 
based on rese rve  d a t a  a s  a b a s i c  input  and only occas ional ly  have a n a l y s t s  
attempted t o  u t i l i z e  resource es t imates  a s  a b a s i c  input .  Events of the  
1970's have, however, necessitated the analysis of long range resource 
supply in terms of geographic location, quality and quantity of the 
individual commodities. These analyses require both reserve and resource 
data as basic inputs; inputs which, particularly in the case of resources, 
were not available. 
The need for more and better resource estimates resulted in the need 
to both better define and develop new resource assessment methodologies 
to provide the required estimates. The remainder of this paper deals 
with the most common resource assessment methodologies and attempts to 
show how the resultant resource estimates can be utilized in a resource 
supply system econometric analysis. 
RESOURCE EVALUATION METRODOLOGIES 
Recent times have seen a plethora of resource estimates which unfortunately 
have had one basic factor in common; the methodology by which they were made 
is normally unknown or poorly defined. In addition, the basic data used to 
arrive at the estimate are usually not available, for reasons of confident- 
iality, or were not maintained in an adequate data base. This lack of 
methodology definition and basic data utilized for the estimation is a 
major reason that resource estimates are not universally available either 
for specific areas or for individual commodities. 
In an attempt to more clearly define the basic resource evaluation 
methodologies and the basic data elements required for each methodology 
the International Geological Correlation Program (IGCP) sponsored IGCP 
Project /I98 "Standards for Computer Applications in Resourt= Studies." 
This program has resulted in two major publications (Cargill and Clark, 
1977,1978) which define the basic methodologies, data requirements and 
and present several case histories and workshops on resource evaluations. 
In a summary of resource assessment methodcilogies (Cargill and others, 1977, 
p. 211-220), six major methodologies were defined: 
1. Areal Value Estimation - Extrapolation of a representative 
estimated mean unit value of a commodity, normally on the basis of mean 
unit value determined for a known region, to the region of interest.' 
2. Volumetric Estimation - Extrapolation from a representative 
estimated mean concentration of a unit volume to a corresponding volume of 
interest. 
3. Abundance Estimation - The estimation of the tonnage of recoverable 
resource from a representative mean abundance through an empirical function. 
4. Deposit Modeling - The estimation of resources in a specific 
geological environment based on the analysis of characteristics of known 
deposits in similar environments. 
5 .  Delphi Estimation - Estimation of resources based on iterated 
collective opinion. 
6. Integrated Synthesis - A resource estimate based upon a combination 
or integration, or both, of some or all of the above methods. 
All of the above methodologies have been applied, and are still being 
used and modified to make resource evaluations. The choice of which method 
to use depends entirely upon the availability of data, manpower, and the 
reliability required of the estimate. Tables 1, 2 and 3 show these data 
requirements, manpower requirements and the relative reliability of the 
individual methodologies (numbered from 1-6 as above). 
Table ! - Data Sequireacncs 
Data Ilemcntr 1 2 3 4 5 5 
Zaraurca Jcporic YAPS D D E 3 E 
r&logic !lapa D J 3 E 3 E 
C a o c h d c a l  %pa D E C, D 5 c 
Caophyrical Xaps D D D D D E 
Lagiarul Xarourea Scacircics 9 D E D D E 
Sciancific 3ackgroUPd D D D - i 
E danacar e r r a n t i d  i cm;  D danocea desirable 1:- (Cargil l  and Clark. 1977) 
Tabla 2 - %noaver Requircmancr (Yan vaarr) 
(Cargi l l  and CLrrk. 1977) 
X E T A O D O L O S Y  
1 2 3 0 5 6 
Relative RdUabili ty 1 2 3 5 i 6 
6 danocar w e t  ra l iabla ;  1 ~ ~ M C . S  l a a s t  ra l iabla  (Cargi l l  and Clark, 1977) 
Even the most casual review of tables 1, 2 and 3 will serve to demonstrate 
why it is so important, for anyone attempting to utilize resource estimates, 
to know the exact methodology utilized and the basic data used in the analysis. 
Table 4 is an attempt to summarize the strengths and weaknesses of the various 
methodologies; factors to be carefully weighed in evaluating the meaning and 
potential use of resource estimates. Although there are numerous weaknesses 
associated with all the resource estimation methodologies it must be 
emphasized that each method produces an estimate of resource endowment which, 
when used with the proper caution, provides at least part of the critical data 
required for anlysis of long term resource availability. The present 
methodologies are rapidly evolving and more importantly the basic data are 
Table  4 - S t r e n q t h s  and Maknessem of  Rewurce Est imat ion hiethodolop= 
IIER(0DoLOGY STRP(CTn WEAKNESS 
Areal  Value Est imat ion f4athodoloqy is s imple  t o  use  t o r  Assws t h a t  equa l  a r e a s  of  t h e  e a r t h ' s  
mineral r e source  p luu l inq ,  is app l i -  c r u s t  a r e  of aqua1 value i n  r e sources .  
c a b l e  t o  any a r e a  of  w r l d ,  uniquely dependent on a v a i l a b i l i t y  and accuracy of 
s u i t a b l e  f o r  developed and develop- c o m u d i t y  d a t a  and r e q u i r e s  t h e  presence,  
inq c o u n t r i e s ,  low c o s t  v i t h  s h o r t  and use  of a r e l i a b l e  geo log ic  m p .  
t i m e  eva lua t ion  per iod.  
Methodology is simple t o  ume and Pauc i ty  of  d a t a  used is no t  obvious t o  t h e  
p rov ides  a u s s f u l  guide wi th  a u n i n i t i a t e d .  a s s u a s  geo log ic  s i m i l a r i t y ~  i n -  
minimam of  d a t a ,  is a s t anda rd  d i c a t e s  r e source  end-nt s i m i l a r i t y  vh ich  
m t h o d  f o r  g a s  and p . t r o l c u r  bas in  m y  n o t  k t rue .  
e s t ima tes ,  e x c e l l e n t  f o r  d e p o s i t s  
wi th  s i n p l e  and uniform g o o n t r y .  
Abundance E s t i a a t i o n  
I n t e g r a t e d  Syn thas i s  
Method is qu ick ,  thorouqh.and g i v e s  Technique on ly  p rov ides  an e s t i m t e  vhich can 
a s u f f i c i e n t l y  r e l i a b l e  emt ina te  f o r  ranqe up t o  2-3 o r d e r s  of magnitude t imes t h e  
r e source  p lann ing ,  a t h o d  is e a s i l y  expected value.  e x t r a p o l a t i o n  E r a  9-11 a r e a s  
updated wi th  new d a t a  and r e l i e s  on can mm+ound e r r o r s  and assumes a c l o s e  g e n e t i c  
f a i r l y  a c c u r a t e  a n a l y t i c a l  inputs .  r e l a t i o n s h i p  between rock typa and a s s o c i a t e d  
mineral  d e p o s i t s .  
Method incorporaca r  a l l  a v e i l a b l e  d a t a  m t a  f o r  d e p o s i t  models is l i m i t e d  and can 
ud i nc ludes  geo log ic  concep t s ,  pro- cause  t h e  use  of  i n a p p r o p r i a t e  d e p o s i t  models, 
duces  r e s u l t s  r a f l e c t i n q  t h e  q u a l i t y  a r e  highly d a t a  dependent and c o n c e n t r a t e s  on 
of  tha  d a t a  and d e l i n e a t e s  explora-  wll known d e p o s i t  typas .  
t i o n  t a r g e t s .  P rov ides  a d i saqgre -  
ga ted  e s t i n a t s .  
Method is quick and a f f i c i e n t  and Easy t o  in t roduce  b ia s .  r ends  t o  'pull '  a s t i -  
can k done a t  lw c o s t .  Un ive r sa l ly  mates t w a r d  a group man, prone t o  manipulat ion 
a p p l i c a b l e  i f  mxparts a r e  a v a i l a b l e ,  and t o t a l l y  dependent on q u a l i t y  and s x p r i e n c e  
p rov ides  a d i saqqreqa ted  and conno- of expe r t s .  
d i t y  s p r c i f i c  e s t i a a t e .  
Incorpora te s  a l l  a v a i l a b l e  d a t a ,  con- Expensive and tim con-inq, r e q u i r e s  a 
c e p t s  and e x p e r t s ;  p rov ides  a d i s -  l a r q e  q u a n t i t y  o f  b a s i c  d a t a ,  only l o c a l l y  
aqqreqated,  coll.nodity s m i f i c  e s t i -  a p p l i c a b l e  because of  d a t a  r e q u i r e w n c s  
mate, and normally u s e f u l  i n  d e f i n i -  r e q u i r e s  complex s k i l l  mix of  personnel .  
t i o n  of e x p l o r a t i o n  t a r q e t s  and r e  
source  p o l i c y  a n a l y s i s .  
being compiled which will enlarge their applicability and increase their 
reliability. Examples of ongoing resource evaluation programs are summarized 
Fn the following section. 
RESOURCE ESTIMATION PROGRAMS 
During the last five years a large number of local or national 
resource assessment programs have been initiated and are either in progress 
or have been completed. The majority of the programs utilize one or more 
of the major methodologies proviously described. Among the many programs 
underway or completed the most significant are: Areal Value Estimations of 
Alaska, South Africa, New Zealand, Mexico, Venezuela, and Israel; Volumetric 
Estimations of the United States, Canada, Mexico, and Venezuela; Abundance 
Estimations of Canada, United States, and on a global basis; Deposit Model 
Evaluations of Canada, Finland, Cyprus, and the Caledonian region; Delphi 
Estimations in Mexico, Canada and United States and Integrated Synthesis 
Analysis of Alaska. 
Although the individual methodologies are equally applicable to 
mineral and energy deposits, the majority of published literature deals 
with the resource assessment of minerals. Nevertheless, major programs of 
resource estimating for oil and gas are either underway or planned in all 
the major oil producing areas of the world. All of these programs are 
producing vital data on resource endowment; however, the utility of the 
resource data is largely dependent on whether the resource estimation is 
given in an aggregated or disaggregated form. 
AGGREGATED AND DISAGGREGATED RESOURCE EVALUATIONS 
The use of a resource estimate is in large part determined by the form, 
aggregated or disaggregated, of the estimate. The majority of historical 
estimates are of the aggregated form, i.e., a statement of total resource 
without any definition of location or number of deposits. Recent attempts 
at resource estimates have been directed toward the development of dis- 
aggregated estimates which define, normally within a probability range of 
.95 to .05, the number, location, quality and quantity of the resource being 
estimated. 
Aggregated resource estimates have the advantage of being relatively 
easy to perform and do not require the high levels of basic data required 
by disaggregated estimates. In addition, they are also quite easy to update, 
as new data are acquired, because they normally do not require a change in 
the assessment methodology. The stability of the assessment methodology, 
with respect to new data inputs, also means that the aggregated assessment 
techniques are rather universally applicable. 
The ease of analysis, minimum data requirements, relative data insen- 
sitivity and universal applicahility accounts for the wide-spread use of 
aggregated resource estimation procedures. These factors; however, also 
limit the use of the resource estimates for many applications and has been 
largely responsible for the recent efforts to develop disaggregated resource 
estimates. It should be emphasized; however, that aggregated resource 
assessments are of great value in that they provide the basic framework, 
an estimate of the total resource, within which disaggregated estimates 
are applied. Therefore, aggregated estimates are of great value and can 
be utilized in the following analyses. 
First, and perhaps most important, is that aggregated estimates can 
be effectively utilized to define the resource potential of a large region, 
or in some cases, a world-wide estimate which can be used for the analysis 
of long range global availability of mineral and energy resources. Although 
such analysis clearly have a wide range of uncertainty, possibly several 
orders of magnitude, they are nevertheless exceedingly valuable in deter- 
mining long range need for considering substituteability for certain 
commodities or for selection of large areas for exploration and development. 
In the latter case, an abundance estimate, when compared against known 
resources of an area, can define whether an area is effectively explored 
for certain commodities, when the known resources essentially equal the 
estimated resources, or whether more exploration is required because the 
known resources are considerably less than those estimated. 
Secondly, aggregated estimates may in some cases be more applicable 
than disaggregated analyses. Specifically, many of the global resource 
models require highly aggregated estimates of resources in order for the 
resource estimate input to the model to be similar to other aggregated 
inputs of populations, environment, food and water. 
Third is the fact, which is often overlooked by the scientific 
community, that for the majority of policy questions, pertaining to resource 
availability, the decision maker is best served by an aggregated estimate. 
Particularly if such an estimate is robust with respect to new data inputs 
and is easily and quickly produced with respect to multiple policy options. 
Although aggregated estimates are valuable, and many times the only 
estimates available, the ideal situation is when aggregated estimates can 
be produced by the summation of disaggregated estimates. Disaggregated 
estimates normally require larger volumes of more accurate data, are time 
consuming and personnel intensive and the resultant analyses have a much 
broader spectrum of applicability. Because a disaggregated estimate attempts 
to define a commodity in terms of it's number, location, quality and quantity 
the resultant estimation can be used in: 
(a) Local, regional, and national resource assessment programs. 
(b) For the development of short, intermediate and long range 
exploration and development programs. 
(c) Both regional, national or global resource models in an 
aggregated or disaggregated form. 
Perhaps the most important attribute of a disaggregated resource 
estimate is that is is a defined, quantitatively defensible input, based 
upon fundamental geologic principles, observations, data and analyses, to 
an econometric model of a resource supply system. 
CLARK-DREW RESOURCE MODEL 
The integration of disaggregated resource estimates into an econo- 
metric model for resource supply is shown in the Clark-Drew Conceptual 
?lode1 of a Resource Supply System (figure 2). The Clark-Drew model 
(Clark, 1977, p. 231-233) shows both the sequence of analysis for a 
disaggregated evaluation but also how the individual models (Occurrence, 
Search and Production) can be aggregated to produce a national estimate. 
The preliminary phase of the Clark-Drew model requires an extensive 
and complete data base to support the resource estimate. This is necessary 
because the initial input to the model is an empirically-determined deposit 
model analysis to determine deposit size, quality and quantity, for a 
single commodity, for individual regions or areas. Following the initial 
deposit model estimation, normally from a known area, it is necessary to 
extrapolate the distribution of deposits in the known area to another 
lesser 'known or frontier area. This is normally done on the basis of the 
geologic anomalies which can hopefully be defined as the result of a prior 
assessment program. 

The deposit model evaluation forms the basic input to the search model 
and specifically to the exploration submodel. These analyses in turn 
provide the fundamental inputs to the production model to determine the 
supply functions based on economics and time. 
The Clark-Drew Model represents the present trend in resource eval- 
uations, i.e., to produce an estimate which not only accurately evaluates 
the potential resource supply, in terms of location, quality and quantity, 
but also serves to integrate such estimates into econometric models of 
supply. It is this integration which optimizes the use of resource eval- 
uations for policy analysis and national and international resource 
assessment and development. 
CONCLUSIONS AND RECOMMENDATIONS 
The field of resource assessment is rapidly evolving and resource 
estimates are being made with respect to geographic areas and specific 
mineral and energy commodities. However, because the resource assessment 
methodologies are highly data dependent, and in most cases basic data are 
not available, the resultant estimates are highly aggregated. The 
highly aggregated nature of the estimates seriously constrains their 
applicability in a wide range of economic analyses and in resource policy 
decision making. 
Recent developments, primarily in the deposit modeling methodology, 
has allowed resource estimates to be utilized in resource supply studies 
such as those outlined in the Clark-Drew resource supply model. With 
an increasing specificity of resources, with respect to location, quality 
and quantity, and size distributions, the Clark-Drew resource supply model 
can be applied on an international basis and will be valuable in determining 
long range supply based on resource  e s t ima tes .  
The development of d isaggregated  r e source  e s t i m a t e s ,  requi red  by t h e  
Clark-Drew model, however, is a t i m e  consuming, d a t a  and personnel  i n t en -  
s i v e  a c t i v i t y .  There is, however, an immediate need f o r  r e source  e s t i m a t e s  
which can be used i n  g l o b a l  ana lyses  on an a g g r e e t e d b a s i s .  To meet t h i s  
need t h e  a u t h o r s  would recommend t h a t  an i n t e r n a t i o n a l  program be under- 
taken t o  produce abundance and u n i t  r e g i o n a l  v a l u e  resource  e s t i m a t e s  on 
a g l o b a l  s c a l e .  Although such a program appears  t o  r e p r e s e n t  a n  enormous 
undertaking,  indeed i t  is  l a r g e ,  a g r e a t  number of ana lyses  a r e  a l r eady  
a v a i l a b l e  on a count ry  by count ry ,  and i n  some cases ,  con t inen t ,  b a s i s .  
It is recommended t h a t  t hose  s t u d i e s  be compiled and t h a t  e s t i m a t e s  be made 
f o r  a r e a s  where e s t i m a t e s  a r e  no t  a v a i l a b l e .  
The development of g l o b a l  resource  e s t ima tes ,  by t h e  abundance and 
u n i t  r e g i o n a l  v a l u e  methodologies,  would provide an  o r d e r s  of magnitude 
e s t i m a t e  of u l t i m a t e  r e source  a v a i l a b i l i t y ;  h igh ly  aggregated but  v a l u a b l e  
e s t i m a t e  t o  e s t a b l i s h  a framework of resource  a v a i l a b i l i t y .  Once t h e s e  
e s t i m a t e s  have been made, and t h e  b a s i c  d a t a  ga thered ,  they w i l l  s e r v e  
a s  t h e  b a s i s  f o r  more d e t a i l e d  and d isaggregated  e s t i m a t e s .  
The need f o r  more and b e t t e r  resource  e s t i m a t e s  is  one of t h e  most 
c r i t i c a l  problems f ac ing  t h e  geologic  p ro fes s ion  today. The s h o r t  t o  
long range supply of energy and minera l  commodities is a major cons t r a in ing  
f a c t o r  f o r  t h e  development and w e l l  being of both t h e  developed and 
developing na t ions .  Th i s  shared need f o r  resource  e s t i m a t e s  mandates t h a t  
g l o b a l  resource  assessments  be undertaken f o r  t h e  good of a l l  mankind. 
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The assurance of a continuing source of energy, to meet the 
needs of the developed and developing countries, is one of 
the most critical problems facing the world today and in the 
future. This problem has led to a world-wide effort to com- 
pile available data on the reserves and resources of the ener- 
gy materials (oil, gas, coal, uranium-thorium and geothermal). 
Major global compilations of energy data have been ongoing for 
several years, and many new activities have been initiated 
within the last five years. The most significant of these 
energy data bases are: 
- Bibliographic - Petroleum Abstracts (USA) , Georef (USA) , 
GEODE (France), CISTI (Canada) , and ~eoarchive (UK) . 
- Geologic/~xploration - Well history control system, Petro- 
leum Data System, International Offshore Drilling Activity, 
World Data Bank 11, Volcano Data File, Heat Flow File, 
GEOTHERM (USA), Lexis Well File, Lexis ~nternational Field 
Record File, Lexis Concession File (Switzerland), World Coal 
Resources and Reserve Data Bank (UK) , Uranium Information 
System (Austria) . 
- Production - Petroleum Data System, National Geothermal In- 
formation Resource, Geotherm, Dow Jones News/retrieval (USA), 
World Coal Resources and Reserve Data Bank (UK), Uranium In- 
formation System (Austria) . 
Vast majorities of energy resource data reside in the archives 
of private corporations or national energy agencies and are as 
a result not available for compilation into existing energy- 
related data bases. 
Recent activities in southeast Asia are illustrative of the 
methodology employed to index, archive, and utilize oil and 
gas data in the development of an energy data base, in an area 
of relatively new oil and gas production. The single greatest 
problem is the preservation of the original data once the pre- 
liminary evaluation of resource and production potential has 
been determined. The second major problem is the preservation 
of physical samples, core, and well cuttings, which will be re- 
quired at a later date for analysis and geologic correlations. 
The capture of these two types of data represent a common prob- 
lem both in the developed and developing countries and require 
immediate action by the nations concerned. 
Major problems exist in correlating and utilizing energy data 
contained within the various global files, particularly in 
terms of oil and gas, because of a lack of standards in terms 
of reserve and resource definitions, unique geographic iden- 
tifiers, basins, and other geologic factors, and ultimately 
there is a need for a standardized base map upon which resource 
data can be correlated. In addition to the basic problems of 
definitions and standardization, considerable care must be taken 
in the use of historical data that was compiled for a totally 
different purpose than use in today's resource assessment pro- 
grams. 
IYTRODUCT I OX 
The events of the 1970's, in  articular the rapid ?rice rise of crude 
oil and worldwide spot shortages of oil and gas, have clearly shown the 
need for more extensive and reliable energy information. The demand for 
energy information is not confined to the importing nations, who need data 
for analysis of supply, but is also required by the exporting nations who 
must plan their national economics on world demand and their potential 
resources to meet worldwide demand. Nor is the need for energy data 
confined to the conventional energy sources such as oil, gas and coal but 
also to a wide range of non-conventional resources such as geothermal, 
oil shale, uranium, solar, tidal and wind. It is now accepted that to meet 
the world's demand for energy that future energy supply must come from a 
mixture of both conventional and non-conventional energy sources. Therefore, 
there is both a large need and a large activity in the field of energy 
resource data to supply the basic infornation required for resource planning. 
Because of the tremendous scope of energy related activities it is not 
possible to address all the areas as all the activities within even the 
areas to be described in this paper. Therefore, the authors will concentrate 
only on a description of the major computer based energy data files which 
are related to the conventional energy sources, i.e., oil and gas, coal, 
uranium and thorium, geothemal and oil shale. 
ENERGY RESOURCE DATA DEFINITIONS 
It is absolutely essential that a corns: language be used to identify 
all the various sources and kinds of energy commodities and the units by 
which they are described. The basic definitions, pertaining to energy 
reserves and resources, have been set forth by the U.S. Bureau of Nines 
and the U.S. Geological Survey (1976) and have been incorporated in a 
classification intended for oil and gas (U.S. Federal Power Commission, 
1976) and the two classifications have been modified and summarized by 
Neyer (1978). In particular, the definitions of resources and reserves are 
critical to this discussion and are as follows: 
Resources - A concentration of naturally occurring solid or liquid 
petroleum or petroleum-like material, natural gas, or other energy commodity, 
in or on the earth's crust in such form that economic extraction is 
currently or potentially feasible. The resource includes all the material 
in place in a deposit. 
Reserves - That portion of the identified resource from which a usable 
mineral or energy commodity can be economically extracted at the time of 
estimation. Such commodities include, but are not necessarily restricted 
to petroleum, condensate, natural gas, tar sands, oil shale, coal and 
naturally occurring asphalt, without regard to mode of occurrence. 
Xormally, an energy resource is described by its location, quality 
and quantity and in this paper data bases, defined as single files or a 
group of individual files, are emphasized that contain these three main 
descriptions. 
STATUS OF ENERGY RESOURCE DATA BASES DEVELOPMEXT 
The need for more extensive and reliable energy resource information 
has led to an explosive growth of energy resource data bases. Unfortunately, 
this rapid growth has not been able to meet even the present need for data 
and certainly is not adequate to meet future needs. There are at least 
f i v e  major  r e a s o n s  f o r  t h e  inadequacy of p r e s e n t  d a t a  b a s e s  f o r  energy  
i n fo rma t ion :  
1. Although t h e  p r e s e n t  need is c l e a r l y  r e cogn i zed ,  p a s t  d a t a  a cqu i s -  
i t i o n  and s t o r a g e  programs were i nadequa t e  t o  p rov ide  t h e  h i s t o r i c a l  d a t a  
needed t o  suppo r t  p r e s e n t  d a t a  r equ i r emen t s .  
2 .  Data base  development ha s  been s e c t i o n a l i z e d  and i n s t i t u t i o n a l i z e d  
t o  t h e  p o i n t  t h a t  v e r y  few coo rd ina t ed  programs have been under taken .  T h i s  
h a s  g r e z t l y  reduced t h e  e f f i c i e n c y  of d a t a  c a p t u r e  a c t i v i t i e s  and h a s  r e s u l t e d  
i n  a l a r g e  d u p l i c a t i o n  of e f f o r t .  
3 .  The t o t a l  c o s t  of deve lop ing  adequa t e  energy r e s o u r c e  d a t a  b a s e s  
w a s  g r e a t l y  unde re s t ima t ed  i n  terms of e f f o r t ,  p e r sonne l  r e q u i r e d  and money. 
I n  p a r t i c u l a r ,  t h e  g e n e r a t i o n  of new d a t a  ha s  proven t o  be  p a r t i c u l a r l y  
c o s t l y .  
4 .  Many p r e s e n t  day programs and t h e  m a j o r i t y  of h i s t o r i c a l  programs 
were 2o t  des igned  t o  p rov ide  t h e  b a s i c  d a t a  t h a t  i s  p r e s e n t l y  r e q u i r e d  f o r  
energy s t u d i e s .  T h i s  is  p a r t i c u l a r l y  t r u e  w i t h  r e s p e c t  t o  energy  supply  
which was h i s t o r i c a l l y  n o t  regarded  as a problem. 
5 .  I n  a d d i t i o n  t o  t h e  f o u r  problems d i s c u s s e d  p r e v i o u s l y ,  a major 
d e t e r r e n t  t o  t h e  development of energy r e s o u r c e  d a t a  b a s e s  t h a t  meet p r e s e n t  
d a t a  needs  i s  t h e  f a c t  t h a t  t h e r e  is  v e r y  poor communication between t h e  
i n d i v i d u a l s  t h a t  b u i l d  t h e  d a t a  ba se  and t hose  t h a t  u se  them. The former  
be ing  2 h y s i c a l  s c i e n t i s t s  and t h e  l a t t e r  p r i m a r i l y  economists  and r e s o u r c e  
a n a l y s t s .  The r e s u l t  h a s  been t h e  c o l l e c t i o n  of t h e  wrong t ype  of d a t a  f o r  
many p r e s e n t  needs .  
Because of t h e  above r e a s o n s ,  and many o t h e r s  of e q u a l  o r  l e s s  impor tance ,  
t h e  a a j o r i t y  cf  p r e s e n t  energy r e s o u r c e  d a t a  b a s e s  a r e  i nadequa t e  t o  meet 
p r e s e n t  needs  f o r  t h e  a n a l y s i s  of s h o r t ,  i n t e r m e d i a t e , a n d  l ong  term energy 
supply ,  s u b s t i t u t i o n  and a l t e r n a t e  energy a l t e r n a t i v e s .  Rega rd l e s s  of t h e  
p r e s e n t  i nadequac i e s  i n  energy  r e s o u r c e  d a t a  systems t h e  m a j o r i t y  of d a t a  
b a s e s  a r e  being r a p i d l y  improved. 
INTERNATIONAL E?JEE(GI RESOURCE DATA BASES 
The fo l l owing  b r i e f  d e s c r i p t i o n s  of t h e  major energy  r e s o u r c e  d a t a  b a s e s  
i s  n o t  i n t ended  t o  be e x h a u s t i v e  bu t  does  p r e s e n t  t h e  spectrum of a c t i v i t i e s  
i n  t h e  p r i v a t e ,  i n s t i t u t i o n a l  and governmental  a g e d c i e s  of t h e  wor ld .  
* 
I n t e r n a t i o n a l  F i e l d  Records F i l e  - The I n t e r n a t i o n a l  F i e l d  Records 
f i l e  is a  commercial  o i l  and g a s  f i e l d s  f i l e  t h a t  w a s  c r e a t e d  a s  a r e s u l t  
of a  mass ive  d a t a  c o l l e c t i o n  e f f o r t  by PETROCONSULTANTS, S.A. i n  1978 on 
a l l  t h e  w o r l d ' s  o i l  and gas  f i e l d s  o u t s i d e  of t h e  Uni ted S t a t e s  and Canada. 
Each f i e l d  i n c l u d e s  r e s e r v o i r  d a t a ,  c h a r a c t e r  d a t a ,  p roduc t i on  d a t a ,  
r e s e r v e s  d a t a ,  g e n e r a l  d a t a  and a  map and c r o s s - s e c t i o n .  Xew f i e l d s  a r e  
added q u a r t e r l y  t o  upda t e  t h e  f i l e  and keep i t  c u r r e n t .  The i n t ended  
a p p l i c a t i o n s  f o r  t h e  f i l e  a r e :  compara t ive  b a s i n  r e s e a r c h ,  i n v e s t i g a t i o n s  
of p r o d u c t i v e  a r e a s  p r i v i o u s l y  cons ide r ed  a a r g i n a l ,  and e v a l u a t i o n  of 
s p e c i f i c  e x p l o r a t i o n  p r o j e c t s .  The f i l e  i s  a v a i l a b l e  i n  hard  copy o r  computer 
t a p e s  w i t h  upda t ing  and s e l e c t i o n  programs o p t i o n a l .  
P e t r o l e m  Data System (PDS) - PDS, c r e a t z d  and n a i n t a i n e d  by t h e  U n i v e r s i t y  
of Oklahoma, c o n t a i n s  a l l  f i e l d  and poo l  i n fo rma t ion  i n  t h e  U.S.X. and Canada 
which i s  p u b l i c a l l y  a v a i l a b l e  (PDS,1979). Data on ove r  80,000 f i e l d s  and 
r e s e r v o i r s  a r e  con t a ined  i n  t e n  computer ized PDS d a t a  ba se s :  
TEXS: Data on a l l  f i e l d s  and r e s e r v o i r s  i n  Texas .  
OILY: Data on a l l  f i e l d s  and r e s e r v o i r s  i n  t h e  Z.S. o u t s i d e  Texas.  
CTDN: Data on most Canadian f i e l d s  and r 2 s e r v o i r s .  
* 
This  d a t a  base  is p re sen t ed  i n  more d e t a i l  i n  t h e  paper  by J . M .  Lador 
i n  P a r t  3 of  t h e s e  p roceed ings  [no t e  by t h e  ~ d i t o r s ] .  
G A L :  N a t u r a l  ga s  a n a l y s i s  by f i e l d .  
COIL: Data on c rude  o i l  a n a l y s i s  by f i e l d .  
SECR: Data on Texas  secondary recovery  p r o j e c t s .  
Ml5: Data on F P C  Forn  15 n a t u r a l  g a s  r e s e r v e s .  
FEAR: Data on 60 l a r g e s t  U.S. o i l  and g a s  r e s e r v e s .  
CHST: Data on P rov ince  A l b e r t a  p roduc t i on  and i n j e c t i o n s  f o r  
y e a r s  1962-1977. 
Annual and cumula t ive  p roduc t i on  is i d e n t i f i e d  w i t h i n  PDS by s t a t e ,  
r e g u l a t o r y  d i s t r i c t ,  g e o l o g i c  b a s i n  o r  p rov ince ,  coun ty ,  on-shorelof f s h o r e ,  
and s e c t i o n ,  township and range .  Other  d a t a  e l emen t s  i n c l u d e  g e o l o g i c  age  of 
r e s e r r o i r ,  t r a p  t ype ,  a r e a ,  r e s e r v o i r  t h i c k n e s s ,  p o r o s i t y ,  p e r m e a b i l i t y ,  
t empera ture ,  p r e s s u r e ,  l i t h o l o g y ,  f l u i d  a n a l y s i s ,  f i e l d  s t a t u s ,  number and 
s t a t u s  of producing w e l l s  and f i e l d  r e s e r v e  d a t a .  PDS is now wide ly  regarded  
a s  t h e  g e n e r a l  s o u r c e  f o r  s e a r c h i n g  v a s t  amounts o l  o i l  and g a s  d a t a  i n  Nor th  
America and i s  commercia l ly  a v a i l a b l e  on t h e  Genera l  E l e c t r i c  Xark 111 computer 
network. 
* 
Well H i s t o r y  C o n t r o l  System (WHCS) - r , C S  is o p e r a t e d  by t h e  Technica l  
S e r v i c e s  Department of t h e  Pe t ro leum Informat ion  Corpo ra t i on  (?I, 1978) .  
A s  of Xarch,  1978, t h e  IJHCS f i l e  i nc luded  d a t a  on more than  1,024,000 U.S. 
w e l l s .  A l l  w e l l s  d r i l l e d  s i n c e  1972 a r e  inc luded  p l u s  s e l e c t e d  workover 
a c t i v i t y .  
The WHCS c o n t a i n s  seven  major  c a t e g o r i e s  of d a t a :  heading i n l c r n a t i o n ,  
t o p s  and b a s e s ,  i n i t i a l  p o t e n t i a l  and 7 roduc t i on  t e s t s ,  c o r e  d a t a ,  d r i l l - s t e m  
and w i r e l i n e  t e s t  i n f o r m a t i o n  and mi sce l l aneous  d a t a .  
P I  ha s  d iv ided  t h e  U.S. i n t o  t e n  geographic  r q i o n a l  f i l e s ,  each  of 
which i n c l u d e s  some unique d a t a  c h a r a c t e r i s t i c s  b u t  a l l  f o l l o w  uniform 
* 
p re sen t ed  i n  d e t a i l  i n  t h e  paper  by P.  S t a r k  i n  P a r t  3 o f  t h e s e  
proceedings  [ t h e  E d i t o r s ]  
f o rma t s  and useage .  
S tandard  i n f o r n a t i o n  s e a r c h e s  can be  made on t h e  WHCS f i l e s  t o  produce 
any l o g i c a l  combina t ion  of d a t a  r e q u i r e d .  The p roduc t i on  of computer maps, 
e . g . ,  c o n t o u r ,  s t r u c t u r e ,  show, i n i t i a l  p o t e n t i a l ,  o r  p e n e t r a t i o n  maps, i s  
an advantageous method of w e l l  d a t a  d i s p l a y  o f f e r e d  by P I .  
* 
I n t e r n a t i o n a l  Uranium Geology In fo rma t ion  System (INTURGEO) - The 
I n t e r n a t i o n a l  Atomic Energy Agency (IAEA) h a s  been a c q u i r i n g  a  g r e a t  amount 
of g e o l o g i c  and r e l a t e d  uranium d a t a  i n  t h e i r  c u r r e n t  p a r t i c i p a t i o n  i n  t h e  
I n t e r n a t i o n a l  Uranium Resources  Eva lua t i on  P r o j e c t  (IUREP) and o t h e r  of :he i r  
a c t i v i t i e s .  IAEA d e s i r e d  c a r e f u l l y  des igned  computer f i l e s  t o  e a s i l y  
handle ,  s t o r e  and r e t r i e v e  t h e i r  uranium d a t a  s o  f o u r  f i l e s  were c r e a t e d  
t o  make up t h e  INTURGEO system (XcCammon, e t  a l ,  1 9 7 8 ) :  
1. Regiona l  Refe rence  F i l e  (IIRF) - c o n t a i n s  g e o l o g i c ,  p roduc t i on  
and r e s o u r c e  i n f o r m a t i o n  f o r  p r e s c r i b e d  a r e a s .  
2 .  E x p l o r a t i o n  A c t i v i t y  F i l e  (EM) - c o n t a i n s  e x p l o r a t i o n  i n f o r m a t i o n  
f o r  survey  a r e a s .  
3 .  Cranium Depos i t  and Occurrence F i l e  (DOF) - c o n t a i n s  g e o l o g i c ,  
p roduc t i on  and r e s o u r c e  i n fo rma t ion  of s p e c i f i c  d e p o s i t s  and 
occu r r ences .  
4 .  I n t e r n a t i o n a l  Uranium Summary F i l e  (ISF) - c o n t a i n s  r e s o u r c e  
p roduc t i on  and demand i n f o r m a t i o n  compiled a t  n a t i o n a l  l e v e l s .  
Depos i t  models can  be b u i l t  by t h e  i n t z g r a t i o n  of i n fo rma t ion  s e l e c -  
t i v e l y  r e t r i e v e d  from t h e  f o u r  f i l e s .  , f i e  comparison of t h e  d e p o s i t  model 
c h a r a c t e r i s t i c s  w i t h  t h e  c h a r a c t e r i s t i c s  con t a ined  i n  t h e  r e g i o n a l  r e f e r e n c e  
f i l e  w i l l  p rov ide  t h e  b a s i s  f o r  more s y s t e m a t i c  r ~ s o u r c e  a p p r a i s a l s .  
* 
Presen ted  i n  t h e  paper  by M. Hansen and L.  Trocki  i n  P a r t  4 of  t h e s e  
p roceed ings  [ t h e  ~ d i t o r s ]  
* 
World Coal Resources and Reserves Data Bank Service (WCRRDBS) - the  
WCRRDBS (Gregory, 1577) has been created t o  maintain coal  da t a  f o r  
t h e  In te rna t iona l  Energy Agency Coal Board f o r  resource and reserve  
assessments of g lobal  and regional  coal  suppl ies .  The computerized s y s t m  
cons i s t s  of raw d a t a  s to rage  i n  a da ta  f i l e  and processing is  done by 
t h r ee  system modules: 
1. "Exclusion module" - u t i l i z e s  environmental and s o c i a l  cons t r a in t s  
a s  d a t a  f o r  recovering coal .  
2.  "Mining module" - u t i l i z e s  operating cos t s  and tonnages r e l a t i v e  
t o  d i f f e r e n t  mining techniques. 
3 .  "Marketing module" - u t i l i z e s  "Mining module" output  t o  provide 
pi thead p r i c e s ,  opera t ing cos t s  and reserve  s e l ec t i on  by assess ing 
t h e  h f l u e n c e  of d i f f e r e n t  markets f o r  t h e  recovery of coal .  
The ove r a l l  aim i n  t h e  i n t e r  m d  in t ra -var iab i l i ty  of t h e  modules is 
t o  accommodate regional  f a c t o r s  and a l t e r n a t e  mining, environmental 
and s oc i a l  assumptions i n  +,he extract ion and marketing of coal  and y e t  t o  
provide a standard t o  compare coa l  reserves  on an i n t e rna t i ona l  ba s i s .  
WCRRDBS has been i n  the  USGS PACER- GRASP (Bowen and ~otbo1,1975 and 
Carg i l l ,  e t  a l l  1976) system but is being p a r t i a l l y  moved t o  the  Honeywell 
Multics Relat ional  Data Store  (MRDS) data  base system (Honeywell,l977) a t  
t he  USGS t o  ease access, handling and updating. 
* * 
Natural Resources Data Bases (RDB' s )  - t h e  R D B ' s  of t he  Internat ional  
I n s t i t u t e  of Applied Systems Analysis (IIASA) Energy Resources Group regroup 
Data Bases on global conventional and unconventional o i l  and gas resources 
and Data Bases on natura l  resource requirements of energy resource production 
and conversion processes. 
* fu r the r  development of t h i s  data  base is presented i n  the  paper by 
S. Duncan and G .  Van Doorne i n  Par t  4 of these  proceedings [ the  ~ d i t o r s ]  
**presented i n  d e t a i l  i n  Pa r t  2 , 3  and 4 of these proceedings [ the ~ d i t o r s ]  
Geothermal Resource Data Base: GEOTHERM (Herr, e t  a l ,  1977)- The 
GEOTEIERM f i l e  cons i s t s  of approximately 4 ,000  records r e l a t i n g  t o  the  locat ion,  
explorat ion,  evaluation,  and use of geothermal energy resources.  Each record 
contains desc r ip t ive  and numeric information on a s e t  of a t t r i b u t e s  t h a t  
descr ibe  and charac te r i ze  the  various aspects  of  geothermal energy and resources 
such as:  locat ion,  surface  thermal sample, well o r  d r i l l  hole ,  steam vapor 
sample, water sample, i so top ic  and engineering da ta .  
O i l  Shale Data Analysis Program - According t o  Meyer (1977) the  o i l  shale  
data  f i l e  of the  US Geological Survey cons i s t s  of  approximately 300 d r i l l  cores ,  
mainly from Colorado, USA. Each d r i l l  core  is divided i n t o  i n t e r v a l s .  The 
number and th ickness  of each i n t e r v a l  v a r i e s  with t h e  l i tho logy  of the  formations 
encountered and the  t o t a l  length of  core.  The t o t a l  number of i n t e r v a l s  ranges 
from one t o  about 2,5000. Each i n t e r v a l  contains Fischer assays ( o i l ,  water, 
gas and spent  s h a l e ) .  A t  present  the  f i l e  has approximately 1 mil l ion separa te  
i n t e r v a l s  i n  80,000 e n t r i e s .  
Although t h e  da ta  Bases described a b w e  represent  the  major in te rna t iona l  
da ta  bases, which a r e  e i t h e r  being produced a s  a r e s u l t  of in te rna t iona l  
cooperation o r  a r e  p r i v a t e l y  produced but a r e  avai lable  from p r i v a t e  indust ry ,  
of aggregated data  on a s p e c i f k  subject  the  l i s t  is by no means a l l  inc lus ive .  
Spec i f i c  mention must Be made of t h e  Bibliographic da ta  f i l e s  which contain 
t h e  inventory of ava i l ab le  reference  sources which can be used t o  produce energy 
re la ted  data  f i l e s .  Within t h i s  category the  most important a r e  Petroleum 
Abstrac ts  (USA), GEOREF (USA), GEODE (France) , CIS11 (Canada) and GEOARCHIVE 
(UK) . 
In  genera l ,  a l l  of Lhe bibl iographic  da ta  bases mentioned above provide 
a s s e n t i a l l y  the  same s e r v i e s ,  i . e . ,  s e lec ted  r e t r i e v a l s  of energy r e l a t e d  
da ta  based on s e l e c t e d  sub jec t s .  However, considerable v a r i a t i o n  e x i s t s  i n  
t h e  l e v e l  of search d e f i n i t i o n ,  quan t i ty  of indexing and cross- referencing,  
keywording and abs tac t ing .  Nevertheless,  they a l l  r ep resen t  an e x c e l l e n t  
source of energy data  and should no t  be overlooked, a s  they too o f t e n  a r e ,  
i n  the  d e f i n i t i o n  and development of energy data  bases.  
DATA BASE APPLICATIONS TO GLOBAL MODELING 
Energy resource d a t a  represen t s  a c r i t i c a l  inpu t  t o  t h e  major i ty  of 
g lobal  models p resen t ly  being used o r  developed. I n  genera l ,  t h e r e  have been 
t h r e e  major problem a r e a s ,  with respec t  t o  energy da ta  i n  i t s  a p p l i c a b i l i t y  
t o  g lobal  models. 
F i r s t ,  is  the  lack of accura te  and c o m ~ l e t e  knowledge of t h e  worlds 
energy reserves .  This i s  t r u e  both with respec t  t o  o i l  and gas and t h e  
o ther  a l t e r n a t e  energy sources. This lack of bas ic  r ese rve  d a t a  has l e d ,  
of necess i ty ,  t o  t h e  use of highly sub jec t ive  reserve  es t ima tes ,  o r  incomplete 
da ta  s e t s ,  i n  g loba l  resource models. The r e s u l t  has been the  i n a b i l i t y  t o  
adequately p r e d i c t  t h e  supply o r  energy m i x  ava i l ab le  f o r  s h o r t  t o  in termedia te  
analyses.  
Secondly, is the lack  of accura te  and complete resource d a t a  f a r  any of 
the energy sources which has resu l t ed  i n  the  use of even more subject ive  da ta  
s e t s  than those used with respec t  t o  reserves .  In  add i t ion ,  t h e  probleiis i n  
resource es t imat ion a r e  much g r e a t e r  than i n  rese rve  est imation.  The lack 
of complete and accura te  rese rve  e s t i n a t e s  is in l a r g e  p a r t  resolvable wit.? 
money, e f f o r t ,  and i n t e r n a t i o n a l  cooperat ion.  Xesource es t imates  however, a ro  
dependent i n  most cases  on f i r s t ,  an adequate Ic~owledge ~f rese rve  data, and, 
secondly, on data and analysis techniques which are not yet available to produce 
the basic information required for analysis. 
Third, and perhaps most critical, is the fact that very few global models, 
which require energy data as inputs adequately account for the problems of 
economics, exploration process, lag times and infrastructure constraints on the 
availability of supply derived from reserves and resources. 
SOURCES AND COMPILATION OF ENERGY DATA 
That the development of a comprehensive and accurate energy data base 
is dependent on the availability of complete and accurate data is axiomatic 
and yet is a fact that is too often overlooked by those individuals that 
require data. It is a common assumption that the required data are available 
and all that is required is to compile it into a data base. Experience has 
shown that this is simply not the case for the following reasons: 
1. A vast amount of data have been lost because of adequate historical 
archiving. This includes text,  graphic and physical data such as core and 
chip samples. 
2. Many of the data are "Confidential" for a host of reasons, some valid 
and many only the result of policy, and therefore not available to the data 
base compiler. 
3. Xuch of t.h.e data needs yet to be derived from existing data, i.e., 
reserve and resource estimates from =isting analytical and engineering data. 
4. Peculiarly, a great amount of data are not available because they are 
too new, e.g., the reserves and resources of &he oil discoveries in offshore 
Nexico, geothermal resource potential of Thailand and Indonesia and the 
-uranium resource potential of uraniferous granites. 
Regardless of the fact that a large amount of energy related information 
is not available, for the reasons cited above, there are numerous other sources 
of energy data. The primary sources of such data, excluding the international 
data bases mentioned proviously, are the numerous independent institutions 
and private industry. The problem, however, is how does this information 
find its way into energy data bases for use in global resource assessments 
and models. Two examples serve to illustrate the procedure for ultimately 
acquiring required energy data, f.e., oil and gas data storage and handling 
program of the CCOP countries and the alternate energy supply study of the 
United States and participating countries. 
CCOP Program - The Committee on the Coordination of Offshore Mineral 
Prospecting in Southeast Asia (CCOP) serves as a coordinator of resource 
activities within the CCOP countries of Thailand, Malaysia, Indonesia, 
Papau New Guinea, Vietnam, Campuchea, Phillipines, Korea, Japan, Singapore 
and the Trust Territories where there is at ?resent a great deal of oil and 
gas related activity. 
The problem addressed by CCOP was one of storage, retrieval and utilization 
of petroleum data which was in response to a recognized set of problems almost 
identical to those described at the beginning of this section. Through 
a contract with COGEODATA (Committee on Storage, Retrieval and Processing 
of Geologic Data) an Sssessment of the size and scope of the sroblem was 
evaluated and a sequential program developed co ultimately create an 
integrated data base system which would provide the data and analyses required 
to define the location, quality and quantity of oil and gas, initially on a 
national basis, within the CCOP countries. The principle components of this 
system are: 
1. Initial data archiving (including acquisition logs, indexlnq, key 
wording and abstracting) and storage. 
2. Development of an integrated data hase system 5egiming with a well 
file and the subsequent development of an oil and gas pool file and ultimately 
a basin file. 
3. Implementation of hardware and software for analyses of data and 
development of oil and gas reserve and resource estimates. 
The proposed program is based on mini- and micro computing capabilities 
and represents a much needed procedure for the majority of developing countries 
to begin the storage, retrieval, and analysis of oil and gas reserves and 
resources although such programs are initially for individual country use it 
is hoped that once the data are available it will be in the national interest 
to make at least a portion of the data available for the world communities 
use in resource modeling. 
Another example of a major international energy resource program is the 
Department of Energy - US Geological Survey's program on Energy Assessments 
in Developing Countries. This program is pursuant to the Non-Proliferation 
Act of February, 1977 in which President Carter initiated a series of pilot 
programs aimed at assisting developing countries to meet their future energy 
needs. WitS. indigineous energy resources and appropriate energy alternatives 
the program has as a primary component Lhe development of national inventories 
of conventional and non-conventional resources. Pilot progrvas have been 
conducted in Indonesia, Pakistan, Turkey, Egygt, and Peru and follow-on 
studies are underway in the latter two nations. 
These examples serve to demonstrate the national, regional and international 
scope of energy resource studies presently underway. Xowever, 'Aese 3nd many 
more programs will need to be undertaken before an adequate knowledge base is 
developed. 
CONCLUSIONS 
A c l ea r  need has been iden t i f i ed  for  more comprehensive energy and 
energy-related data  t o  be sought, co l lec ted ,  standardized and compiled in to  
computerized energy resource f i l e s  and data  bases on both a regional and 
global  basis .  Energy da ta  t h a t  already e x i s t s  i n  other forms need a l so  t o  
be gathered, ca re fu l ly  reviewed and s i f t e d  f o r  pert inance t o  modern energy 
s tud i e s ,  standardized and added t o  da ta  bases. 
The number and s i z e  of the energy data  bases cur ren t ly  being created a r e  
growing exponentially and the  techniques fo r  energy resource assessment are  
evolving ju s t  a s  rapidly .  This c a l l s  f o r  g rea t  care  i n  coordinating the  da ta  
need fo r  resource assessment and supply analysis  with the  s t ruc tu re  and content 
of the  da ta  bases. Currently many major problems e x i s t  i n  cor re la t ing  and 
u t i l i z i n g  energy data  contained within the various global  f i l e s ,  pa r t i cu l a r ly  
i n  terms of o i l  and gas ,  because of a lack of standards i n  t e rn s  of reserve 
and resource de f in i t i ons ,  unique geographic i d e n t i f i e r s ,  basins and o ther  
geologic fac tors .  Ultimately, there  i s  a l so  a need f o r  a standardized base 
map upcn which resource da ta  can be correla ted.  In  addi t ion t o  the  basic  
problems of de f in i t i ons  and s tandardizat ion,  considerable care  nust  be taken 
i n  the  use of h i s t ~ r i c a l  da ta  t ha t  was compiled f o r  a t o t a l l y  d i f f e r en t  purpose 
then t h a t  used i n  todays resource assessment programs. 
In  a time when information on energy reserves and resources is so very 
c r i t i c a l  fo r  the planning aspects of nat ional  and in te rna t iona l  ec~nornics,  it 
seems imperative, and t o  the  very bes t  i n t e r e s t  of the f i e l d  of energy resources,  
t o  e f f ec t i ve ly  o r i en t  and c r ea t e  these energy data  bases and e f f i c i e n t l y  
u t i l i z e  the r e s u l t s  t o  obtain inportant  information t o  help, f ind the answers 
t o  the problems of world energy supply. 
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ENERTREE Data Base System 
Serge Medow 
I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied 
Systems, Analys i s ,  
A-2 36 1 Laxenburg, A u s t r i a  
The t r e e  system was designed t o  s i m p l i f y  t h e  process  of  i n t e r -  
a c t i o n  between t h e  u s e r  and t h e  computer, more s p e c i f i c a l l y  t o  
h e l p  t h e  use r  i n  t h e  f i l t e r i n g  and l i n k a g e  of d a t a  w i th  va r ious  
types  of models, both s t o r e d  on computer. T h i s  i s  achieved 
f i r s t ,  by l i m i t i n g  t h e  number of a c t i o n s  o r  d e c i s i o n s  o n  t h e  
u s e r ' s  p a r t  i n  p rede f in ing  access ,  f i l t e r i n g  and d i s p l a y  methods 
a v a i l a b l e  t o  him and .secondly  by us ing  a  h i e r a r c h i a l  t r e e  a s  
method of  s t r u c t u r i z a t i o n  and c l a s s i f i c a t i o n .  A t  each of  t h e  
nodes of t h e  t r e e  s t r u c t u r e  t h e  use r  may a c c e s s  and f i l t e r  
d a t a  and l i n k  t h e s e  t o  t h e  p a r t i c u l a r  model chosen. 
The TREE program is  cons t ruc t ed  a s  a  non-binary tree r e l y i n g  
on l i nked  l i s t s  and a  s p e c i a l  s ea rch  a lgor i thm,  provid ing  t h e  
use r  w i th  a  conve r sa t iona l  form o f  acces s  t o  t h e  computer and 
se rv ing  a s  a  "telescopeI1 which can be d i r e c t e d  t o  t h e  p a r t s  
of a  l a r g e r  s t r u c t u r e ,  of i n t e r e s t  t o  t h e  use r .  The usage o f  
t h e  TREE program and i t ' s  b e n e f i t s  a r e  d i scussed  and an 
a b s t r a c t  example a s  we l l  a s  a  sample s e s s i o n  of t h e  EMERTREE 
program l i n k i n g  a l l  WELMM d a t a  bases  i l l u s t r a t e  t h e  p o t e n t i a l  
a p p l i c a t i o n s .  
THE P R O n L E M  O F  L I N K I N G  DATA 'dTTH Y O D E L S  O F  V A R I O U ?  T Y P E S  
T h i s  p r o c e d u r e  c o u l d  b e  i m p l i c i t l y  c o m b i n e d  t h r o u g h  s e v e r a l  
a s s u m p t i o n s ,  i n t o  t h e  m o d e l  i t s e l f ,  o r  i t  c o u l d  b e  a s e p a r a t e  
p r o c e s s ,  q u i t e  i n d e p e n d e n t  o f  t h e  m o d e l  d e p e n d i n g  u p o n  t h e  zom- 
p l e x i t i e s  i n v o l v e d .  
T h e  p r o c e s s  o f  u n d e r s t a n d i n g ,  r e s p e c i f y i n g ,  c o r r e c t i n g ,  a n d  
a d d i n g  t o  t h e  m o d e l e d  s y s t e m s  i s  a l m o s t  a l w a y s  a  r e p e t i t i v e  o n e ,  
h e n c e  t h e  u s e  o f  i n t e r a c t i o n  b e t w e e n  c o m p u t e r s ,  w h i c h  i n  t h i s  
c a s e  a r e  u s e d  a s  a i d s  a n d  t o o l s ,  s h o u l d  b e  o n - l i n e  ( i e .  
I 
d i r e c t )  t o  i n c r e a s e  t h e  e f f i c i e n c y ,  a n d  i n  s u c h  a  way  t h a t  t h e  
g e n e r a l  r e s t r i c t i o n s  o f  t h e  i n s t r u m e n t s  a n d  t h e  e x p e r t i s e  i n  h a n -  
d l i n g  i t  d o  n o t  l i m i t  t h e  n o n - e x p e r t  u s e r .  I t  m u s t  b e  n o t e d ,  how- 
e v e r ,  t h a t  t h e r e  e x i s t s  a n  o p t i m u m  e f f i c i e n c y  l e v e l  o r  r a t e ,  
e s p e c j a l l y  i n  man - m a c h i n e  i t e r a c t i o n s ,  w h i c h  a r e  a l s o  d e p e n -  
d a n t  u p o n  t h e  human e l e m e n t ,  o f  a n a l y s i n g  t h e  mini mu^ r e s u l t s  b e -  
. 
f o r e  c o n t i n u i n g  w i t h  more r e p e t i t i v e  o r  m a s s i v e  r e i t e r a t i o n s  o f  
o t h e r  a n d  s i m i l a r  e x p e r i m e n t s .  
K e e p i n g  t h i s  i n  m i n d  t h e  T r e e  s y s t e m  w a s  d e s i g n e d  a s  a  com- 
mon f r a m e  o f  r e f e r e n c e  a n d  t h e r e f o r e  a s e m i - r i g i d i z a t i o n  b e t w e e n  
t h e  v a s t  c a p a b i l i t e s  o f  t h e  c o m p u t e r  a n d  t h e  u s e r ,  t o  s i ~ p l i f y  
t h e  p r o c e s s  o f  i n t e r a c t i o n .  
T h i s  was a c h i e v e d  f i r s t  b y  l i m i t i n g  t h e  n u m b e r  o f  a c t i o n s  o r  
d e c i s i o n s  o n  t h e  u s e r ' s  p a r t  o n  how t o  r e p e a t  a  p r e v i o u s  e x p e r i -  
m e n t  w i t h  n e w l y  f i l t e r e d  d a t a ,  o r  t h e  d e c i s i o n  o f  how t h e  c o m p u t -  
e r  s h o u l d  p r e s e n t  t h e  r e s u l t s  b y  p r e d e f i n i n g  t h e  m e t h o d s  a v a i l -  
a b l e  t o  h i n .  S i n c e  h e  w i l l  h a v e  n o  u s e  f o r  t h e  o t h e r  c a p a b i l i -  
t i e s  o f  t h e  m a c h i n e ,  t h e  c o r r e s p o n d i n g  s p a c e  s h o u l d  b e  u s e d  f o r  
o t h e r  i n f o r m a t i o n a l  p r o c c e s s e s .  
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S e c o n d l y  a m e t h o d  o f  s t r u c t u r i z a t i o n  a n d  c l a s s i f i c a t i o n  w a s  
s e l e c t e d  t o  b e  o n e  o f  a  h i e r a r c h i c a l  t r e e ,  i n  w h i c h  e a c h  n o d e  
r e p r e s e n t s  a  s e t  o f  p r e s p e c i f i e d  e x p l a n a t i o n s ,  a s  w e l l  a s  a  
s e l e c t i o n  o f  v o d e l s  a n d  p a r t i a l l y  o r  t o t a l l y  p r e p a r e d  v a r i a t i o n s  
. o f  i n p u t  t o ,  a n d  o u t p u t  f r o r n ,  t h e  c h o s e n  m o d e l  ( t o  S e  t a k e n  a s  
t h e  a s s u m e d ,  if n o t  o t h e r w i s e  s p e c i f i e d ) .  T h e  p a r e n t - n o d e s  c o u l d  
. e i t h e r  p r o c c e s s  a l l  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  w i t h i n  t h e i r  
c h i l d r e n ,  o r  c o u l d  b e  o f  t o t a l l y  i n d e p e n d a n t  n a t u r e .  
U s i n g  t h e  p r e d e f i n e d  c o n c e p t u a l  t r e e  s t r u c t u r e ,  a n d  t h e  i n -  
f o r m a t i o n  c o n t a i n e d  w i t h i n  t h e  n o d e s ,  m a n y  e x p e r i m e n t s  c o u l d  b e  
m a i n t a i n e d  p o s s e s s i n g  a  s i m i l a r  i n t e r n a l  s t r u c t u r e ,  y e t  p r o d u c i n g  
q u i t e  d i f f e r e n t  i n t e r p r e t a t i o n s  f r o m  t h e  u s e r s .  
I t  s h o u l d  b e  n o t e d  t h a t  t h e  n e c h a n i s m  o f  t h e  t r e e  s t r u c t u r e  
i t s e l f  is d e s i g n e d  i n  . s u c h  a  way a s  t o  p r o v i d e  a  s e c o n d a r y  m e t h o d  
o f  u s e r  c o n t r o l  o f  t h e  o v e r a l l  e x i s t i n g  c o m p u t e r  s y s t e m .  T h i s  
a l l o w s  f o r  m o r e  d i r e c t  i n t e r a c t i o n  b e t w e e n  t h e  e x p e r i m e n t e r  who 
h a s  k n o w l e d g e  o f  t h e  n a t u r e  o f  t h e  m o d e l  w i t h  t h e  c o m p u t e r  s y s -  
tem, w i t h o u t  b e c o m i n g  d e p e n d a n t  o n  t h e  a s s i s t a n c e  o f  e x p e r t s  i n  
o t h e r  f i e l d s .  T h a t  i n  t u r n  c o n v e y s  a  f e e l i n g  o f  t h e  f u t u r e  p o t e n -  
t i a l s  i n  b o t h  u s i n g  t h e  c o n p u t e r  a s  a  t o o l  a n d  i n  a p p l i c a t i o n s .  
HOW THE TREE I S  C0)ISTRUCTED 
T h e  p r o g r a m m e  TREE i s  c o n s t r u c t e d  a s  a n o n b i n a r y  t r e e ~ r e l y i n g  o n  
l i n k e d  l i s t s  a n d  a  s e a r c h  a l g o r i t h m  based o n  a ~ r o b a b i l i s t i c  
d i s t r i b u t i o n  o f  p o i n t e r s  i n  a c c o r d a n c e  w i t h  t h e  HASY-D m e t h o d .  
I t s  m a i n  o b j e c t i v e  i s  t o  p r o v i d e  a  c o n v e r s a t i o n a l  a c c e s s  t o  n o d e l  
u s e r s  who may t h e m s e l v e s  n o t  know a n y  p r o g r a m m i n g  l a n g u a g e s .  T h e  
g u i d i n g  p r i n c i p l e  r e l a t i n g  t o  t h e  u s e  o f  s u c h  a  p r o g r a n n m e s  i s  
t h a t  t h e  p e r s o n  s i t t i n g  b e f o r e  a  s c r e e n  s h o u l d  e m p l o y  i t  a s  t h e  
e q u i v a l e n t  o f  a  t e l e s c o p e ,  a n d  d i r e c t  i t  t o  v a r i o u s  s e c t o r s  o f  
t h e  l a r a e r  s t r u c t u r e  t h a t  c u r r e n t l y  i n t e r e s t  h i m .  I n  s u c h L a  c o n -  
t e x t  k e  n a y  w i j e n  t h e  s c o p e  o f  h i s  o b s e r v a t i o n s  a s  w e l l  a s  t h e  
d e g r e e  a f  t h e  d e t a i l  i n  terms o f  w h i c h  i n d i v i d u a l  o b j e c t s  a r e  ex- 
a m i n e d .  T h i s  x a k e s  i t  p o s s i b l g  f o r  t h e  u s e r  t o  a r r i v e  . a t  h i s  own 
c o n c e p t i o n  of  p r o c e s s e s  o c c u r i n g  w i t h i n  t h e  w i d e r  s t r u c t u r e .  
H 9 W  T 3  USE T3E TREE PROSRAM 
T h e  p e r s o n  a t  t h e  s c r e e n  ( t h e  e x p e r t )  i n i t i a l l y  c o n s t r u c t s  a  t r e e  
t h a t  c o r r e s o n d s  t o  h i s  own c o n c e p t u a l  s t r u c t u r e .  I n  r e . p l y i n g  t o  
q u e s t i o n s  t h a t  a r e  d i s p l a y e d  b y  t h e  p r o g r a m m e  i t s e l f ,  h e  p r o d u c e s  
a  r n u l t i l e v e l  h i e r a r c h i c a l  s y s t e m  t h a t  w i l l  s u b s e q u e n t l y a b e  l i n k e d  
f i r s t  t o  a  d a t a  b a n k ,  a n d  t h e n  w i t h  a  m o d e l  ( o r  e l se  a  b a n k  o f  
m o d e l s ) .  T h e  t ree  may b e  c o n s t r u c t e d  o n  t h e  b a s i s  o f  t h e  m o s t  
d i v e r s e  p r i n c i p l e s  o f  c l a s s i f i c a t i o n  ( j u s t  a s  i n  t h e  c a s e  o f  a  
l i b r a r y ,  l i b r a r y  b o o k s  may b e  c l a s s i f i e d  e i t h e r  b y  a u t h o r ,  t i t , , l e ,  
s u b j e c t ) .  When t h e  t r e e  i s  c o n s t r u c t e d  t h e  d a t a  t h a t  a r e  n e e d e d  
f o r  t h e  m o d e l  w i l l  f i r s t  b e  s o u g h t  w i t h i n  t h e  d a t a  b a n k  i n  a c c o r -  
d a n c e  w i t h  t h e  s e a r c h  a l g o r i t h m ,  a n d  t h e i r  a d d r e s s e s  w i l l  b e  e n -  
t e r e d  i n t o  t h e  c o r r e s p o n d i n g  n o d e s  o f  t h e  t r e e .  When t h e  s a m e  
i n f o r m a t i o n  w i l l  b e  n e e d e d  a  s e c o n d  t i v e  i t  may b e  e a s i l y  f o u n d  
t h r o u g h  t h e  a d d r e s s e s  t h a t  h a v e  b e e n  e n t e r e d .  I n  t h i s  way The  i n -  
f o r m a t i o n  i s  o r g a n i z e d  b y  t h e  e x p e r t  h i m s e l f  i n  a  f o r m  t h a t  i s  
c o n v e n i e n t  t o  him a n d  i n  terms o f  a t t r i b u t e s  t h a t  a r e  e s s e n t i a l  
f o r  h i s  own m o d e l  c o n c e p t i o n .  T h e  u s e  o f  t h e  c o n v e r s a t i o n a l  mode 
p e r m i t s  h i m  n o t  o n l y  t o  c o n s t r u c t  s u c h  a  t r e e  h i m s e l f  b u t  t o  
a l t e r  i t s  c o n f i g u r a t i o n  d u r i n g  t h e  v e r y  c o u r s e  o f  a n  e x p e r i m e n t .  
I n  a d d i t i o n  s h o u l d  d a t a  i n  t h e  n e e d e d  f o r m  n o t  b e  a v a i l a S l e  
w i t h i n  t h e  ban!<,  a u x i l a r y  p r o g r a a n e s  n a y  b e  a p p l i e l ,  :doul-l ia!:e 
i t  p o s s i b l e  t o  o S t a i n  t h e  m i s s i n g  d a t a  f r o m  e x i s t i n g  o n e s  t h r ~ g q h  
s u c h  o p e r a t i o n s  a s  s u m m a t i o n ,  e x t r a p o l a t i o n ,  e t c .  S h o u l d  t h a t  
m e t h o d  a s  w e l l  n o t  p r o d u c e  t h e  d e s i r e d  r e s u l t s  i t  i s  p o s s i 5 1 s  t o :  
1 .  i n t e r r u p t  t h e  p r o g r a m m e  a n d  i n t r o d u c e  d a t a  e x o g e n o u s l y  
2 .  r e s t r u c t u r e  t h e  m o d e l  i n  s u c h  a  way a s  t o  a v o i d  t h e  
m i s s i n g  d a t a .  
T h i s  l a s t  s t e p  is e x e c u t e d  t h r o u g h  c h a n g e s  a n d  a d d i t i o n s  t o  t h e  
a e c h a n i s m s  t h a t  l i n k  m o d e l s  o f  b l o c k s .  I n  s u c h  a n  e v e n t  t h e  p r o -  
gramme i s  i n t e r r u p t e d  a n d  t h e  u s e r  i s  t e m p o r a r i l y  a b l e  t o  l e a v e  
t h e  T4EZ s y s t e m  a n d  t o  a l t e r  e x i s t i n g  l i n k a g e s  a n d  a l s o  c o n s t r u c t  
a d d i t i o n a l  b l o c k s  w i t h  t h e  h e l p  o f  e d i t i n g  o p e r a t o r s .  S u b s e q u e n t -  
l y  t h e  u s e r  r e t u r n s  t o  t h e  TREE s y s t e m  a n d  c o n t i n u e s  h i s  e x p e r i -  
m e n t  a t  t h e  p o i n t  a t  w h i c h  i t  h a d  b e e n  i n t e r r u p t e d .  I n  t h i s  way 
n o t  o n l y  i s  t h e  i n f o r m a t i o n  a d a p t e d  t o  t h e  m o d e l  b u t  t h e  m o d e l  
i t s e l f  may b e  a d a p t e d  t o  a v a i l a b l e  i n f o r m a t i o n .  By w o r k i n g  i n  
s u c h  a  mode o f  o p e r a t i o n  t h e  e x p e r t  i s  a b l e  t o  move f r o m  o n e  l e v -  
e l  t o  a n o t h e r ,  t o  a o v e  a l o n g  d i f f e r e n t  b r a n c h e s  o f  a  t r e e ,  a n d  by  
o b s e r v i n g  t h e  p r o c e s s  u n d e r  s t u d y  a t  v a r i o u s  l e v e l s  a n d  f r o m  
v a r i o u s  p o i n t s  o f  v i e w  t o  i d e n t i f y  s p e c i f i c  t r e n d s  i n  t h e  
d e v e l o p m e n t  o f  a c t u a l  p r o c c e s s e s .  
WHAT I S  TYE SENEFIT OF A TREE SYSTEM 
.................................... 
T h e  u s e  o f  s y s t e m s  s i m i l a r  t o  TREE may b e  v e r y  p r o d u c t i v e  ir! 
w o r k i n g  w i t h  s i m u l a t i o n  m o d e l s .  I n  a d d i t i o n  t o  t h e  p o s s i b i l i t i e s  
t h a t  h a v e  a l r e a d y  b e e n  m e n t i o n e d  s u c h  t r e e s  may b e  a p p l i e d  f o r  
m a n - m a c h i n e  g a m e s  i n  w h i c h  a  n u m b e r  o f  e x p e r t s  p a r t i c i p a t e  e a c h  
o f  w h i c h  e m p l o y s  t h e  s a m e  t r e e .  I n  a d d i t i o n ,  i t  i s  p o s s i b l e  t o  
c a n s : r g c t  s u c h  t r e e s  k a s e d  o n  d i f f e r e n t  c l a s s i f i c a t i o n  p r i n c i -  
? l e s ,  y e t  l i n k e d  t o  t h e  s a n e  d a t a  p a c k a g e s .  I n  s u c h  c a s e s  t!?e 
same s e t  o f  d a t a  n a y  b e  e m p l o y e d  f o r  d i f f e r e n t  a s p e c t s  o f  tt7e 
s a x 3  7 h e n o ~ e n a .  
The d n i v e r s a l  c h a r a c t e r  o f  t h e  T R C E  s y s t e m  s h o u l d  h e  e r p h a s i z e 4 .  
T h a t  p r g g r a n  was  c o n s t r u c t e d  a t  t h e  IIASA f o r  s t u d i e s  w i t h  t 9 e  
E Y E R D Y c l  e n e r g y  m o d e l ,  a n d  a l s o  f o r  t h e  ,4ELYM d a t a  b a n k .  B u t  ' s i n c e  
t h e  t r e e  i s  m e r e l y  a for'm o f  h i e r a r c h i c a l  l i n ! t a g e  b e t w e e n  a n y  
m o d e l  and  a n y  d a t a  b a n k  i t  may a l s o  b e  e f f e c t i v e l y  e m p l o y e d  f o r  
s t u d i e s  i n  s u c h  f i e l d s  a s  b i o l o g y ,  e c o l o g y ,  e c o n o m i c s ,  p o l i t i c s ,  
e t c .  
AN ABSTRACT EXAMPLE OF USING THE TREE PROGRAM 
T h e  f o l l o w i n g  d iagram d e m o n s t r a t e s  a  t r e e  s t r u c t u r e  which w i l l  
be c r e a t e d  i n  t h e  f o l l o w i n g  example where i t  would be p o s s i b l e  
t o  be a b l e  t o  descend o r  a s c e n d ,  t h e  t r e e ,  e x e c u t i n g  programs,  
l i s t i n g  d a t a ,  " a t t a c h e d "  t o  each  o f  t h e  nodes .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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I t  is n e c c e s s a r y  t o  u n d e r s t a n d  how t h e  above t r e e  i s  r e s -  
t r u c t e d ,  i n  o r d e r  t h a t  movement, a s  w e l l  a s  a p p e n d i n g ,  and 
d e l e t i n g  n o d e s ,  is p o s s i b l e .  T h e  diagram below shows t h e  same 
t r ee  r e s t r u c t e d .  
The l e v e l s  o f  t h e  t r e e  a r e  i n d i c a t e d  by t h e  s q u a r e  b r a c k e t s  
" [ I  I* .  Note t h a t  t h e y  a l l  have  an index  o f  0. T h e  nodes  o f  t h e  
t r e e  a r e  i n d i c a t e d  by t h e  round p a r e n t h e s i s  "0". A l l  o f  t h e  
nodes be long  t o  t h e  l e v e l  which i s  d i r e c t l y  t o  t h e  l e f t  o f  
them. 
I n i t i a l l y  when you f i r s t  b e g i n ,  you a r e  a lways  l o c a t e d  a t  t h e  
t o p  most l e v e l  name [ O : I ] .  From any node o r  l e v e l  i t  is  p o s s i -  
b l e  t o  make one  o f  f o l l o w i n g  movements; a . )  D i r e c t l y  up t o  t h e  
p a r e n t  n o d e , i f  i t  e x i s t s .  b . )  Down t o  t h e  l e v e l  name below. 
c . )  L e f t  o r  r i g h t  t h e  t h e  n e i g h b o r i n g  node i n  t h e  c u r r e n t  l e v -  
e l .  
A SAMPLE S E S S I O N  
---------------- 
A sample s e s s i o n  is  g i v e n  b e l o w  u s i n g  a l l  of t h e  c o m m a n d s  p o s -  
s i b l e  b o t h  i n t e r a c t i v e l y  a n d  i n  a b b r e v i a t e d  form w i t h  t h e i r  
d e f a u l t s .  N o t e  t h e  t h e  C o m p u t e r  r e s p o n d s  i n  c a p i t a l  l e t t t e r s ,  
w h i l e  t h e  u s e r s  i n  s m a l l  l e t t e r s .  
LOGIN: n a m e  
% / m n t / m e d o w / T r e e / T r e e  
TREE VERSION 2 
ENTER NAME OF TREE: T r e e . e x a m p l e  
NEW F I L E ?  y e s  
ENTER NAME OF LEVEL 1: l e v e l  I 
CURRENT MODE I S  : READ/WRITE 
TREE NAME : T r e e .  example 
NUMBER OF USERS : 
TREE STATE : READ/WRITE 
TOP LEVEL NAME : l e v e l  I 
PA TH / o /  
CURRNT LEVEL NAME: l e v e l  I 
NO. OF QUESTIONS : 
->  h e l p  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*CMND*MD* ARGUMENT * D E S C R I P T I O N  * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*ADD *RW*LVL/NOD NME * ADD A LEVEL/NODE NAME TO THE T R E E  * 
*DELE*RW*CONFIRMATION* REMOVE A S U B T R E E ,  S T R T I N G  FRM CRNT LOC* 
*CHAN*RW*LVL/NOD NME * CHANGE THE NAME O F  CURRENT LEVEL/NODE * 
*====*a=*=====nn=====*rl=====Pm=================================x* 
*MOVE*R * > < v A t b  1.0 * MOVE I N  T R E E  ACCORDING TO ARGUMENT GO * 
*JUMP*R *LVL/NOD NME#* J U M P  TO C L O S E S T  NAME #NAME * 
*====*==*n---r====n==*==--- ---0,,, ---=---=--- -  -,=,------ --------=--=---------*  -------, 
* L I S T f R  *ALL * L I S T  CURRENT/ALL L E V E L S  OF THE T R E E  * 
*TREE*R *ALL * SHOW A TREE FOR CURRENT/TOP L E V E L  * 
*STAT*R *ALL * G I V E  THE STATUS O F  CURRENT/ALL LOC * 
*PATH*R * * G I V E  THE PATH FOR THE CURRENT LOCATION* 
*WAY *R * * G I V E  THE PATH U S I N G  NODE NAMES * 
*NAME*R * * G I V E  THE NAME O F  THE CURENT LEVEL/NODE* 
*r=r=*==*===rn=orrr==*=======z~=======z======================* 
*KINE*RW*TREE COMMAND* ADD A K I N E T I C  COMMAND TO THE CURNT,  LOC* 
*POTEfRW*TREE COMMAND* ADD A P O T E N T I A L  COMMAND TO CURRENT LOC* 
*RUN *R * * RUN A L L  P O T E N T I A L  COMMANDS I N  CRNT LOC* 
* r = = = * r l = = * r = = = = = = = n ~ = r * = = = = = = r = = = = = = = = = = = = = = = = = = = = = *  
*TELL*RW*NEW Q U E S T I O N *  ADD A NEW GLOBAL Q U E S T I O N  [ #  @ #  * 
*ASK *R * Q U E S T I O N  NO.* ASK C E R T A I N  STORED Q U E S T I O N  NUMBERS [ # I  * 
*QUES*R *ONLY * L I S T  Q U E S T I O N S  ONLY/AND R E S P O N S E S  * 
*==tt*==*=r==r=======*=~=====nx===========z======================* 
*CLEA*RW*POT/KIN/QUES* REMOVE PCTEN/KINE/QUES FROM THE T R E E  * 
*EDIT*RW*POT/KIN/QUESf  E D I T  POTEN/KINE/QUES STORED I N  T R E E  * 
*=rr=*==*===t=zr===r=*==*===============rrx==z==================* 
* H E L P f R  * * G I V E S  D E S C R I P T I O N  O F  COMMANDS * 
*DESC*R *SYSTEM F I L E  * L I S T S  AND SYSTEM F I L E  * 
* = = r r * = o * = = = r r = = = = = = z * = = = r r = = = = = = = = r = = = = = = = = = = = = *  
*ECHO*R *ANYTHING * RETURNS I T S  OWN ARGUMENT BACK * 
* !  *R * S Y S  COMMAND * EXECUTES ANY SYSTEM COMMAND * 
*===t*==*mr====r=m===*================r======================* 
*PERMfR *ACCES/WRITE * ENTERS NEW PASSWORD FOR CHANGING MODE * 
*PASS*RW*PASSWORD * CHECK PASSOWRD TO CHANGE CURRENT MODE * 
*MODE*R * * SHOWS YOU YOUR CURRENT MODE * 
* = = r = * = o * = = ~ r t = = = = = = = * t = = m = = = = = = r = = = = = = = = = = = = = = = = = r = = = = *  
*NEW *R * * RE-ENTERS T R E E  PROGRAM WITH A NEW F I L E *  
* Z A P  *RW*CONFIRMATION* DESTROYS THE CURRENT F I L E ,  AND E X I T S  * 
*STOP*R * * E X I T  OUT O F  TREE * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
->  d e s c r i b e  / m n t / u s e r / f i l e n a m e  
t h i s  is t h e  c o n t e n t s  o f  f i l e n a m e  
->  t r e e  a l l  
* * * * * * * * *  
* O* 0 *  l e v e l  I 
* o*  l *  
* l* o *  
* l *  l *  
* 2*  o*  
* 2 *  l *  
* 2* 2*  
. * 3 *  o*  
* 3 *  l *  
* 3 *  2*  
* 2*  l *  
* l *  o *  
* 2*  o *  
* 2* l *  
* 2*  2* 
* * * * * * * * *  
- >  move > 
PA TH / I /  
CURRNT NODE NAME: A 
->  s t a t u s  
TREE NAME : T r e e . e x a m p l e  
NUMBER OF USERS : 1 
TREE STATE : READ/WRITE 
TOP LEVEL NAME : l e v e l  I 
PA TH / I /  
CURRNT NODE NAME: A 
LEVEL NAME BELOW : l e v e l  I1 
NO. OF QUESTIONS : 0 
->  e c h o  t h i s  e c h o s  i t s  a r g u m e n t  b a c k  t o  t h e  u s e r  
t h i s  e c h o s  i t s  a r g u m e n t  b a c k  t o  t h e  u s e r  
->  name 
CURRNT NODE NAME: A 
->  p o t e n t i a l  e c h o  name o f  c u r  l o c  is: 
-> p o t e n t i a l  name 
14 Tree WELMM 
TREE VERSION 7 . 0  
CURRENT YODE IS : ?I0 ACCESS 
ENTER PASSYORD TO ACCESS TREE SYSTEM:welmm 
MODE CYANCED TO : READ ONLY 
TREE NAYE : WELVM 
TREE STATE : READ ONLY 
TOP LEVEL NAYE : WELYM 
PATH : O /  
CURRNT LEVEL NAME: 'JELMM 
NO. OF'  Q U E S T I O N S  : 7 3  
WELCOME TO THE WELMM TREE 
( f o r  i n f o  t y p e  r u n )  
TO EXECUTE THE I N T E R A C T I V E  
Q Y E S T I O N A I R E  S E S S I O N ,  
T Y P E :  ask  1 
-> t r e e  a l l  
*****,*** 
* 0* 0* WELYM 
* 0 %  1% world 
* 1% 0" 
* 1 "  I *  
* 2" 0" 
* 2" 1" 
* 3% o* 
* 2* 0" 
* 3% O* 
* .  3% 1 "  
* 3" 2* 
* 3% 3' 
* 2* I *  
* 3* o* 
* 3* I *  
r: 3 %  2* 
* 3" 3'W 
* 3* 4* 
* 3* 5" 
n 3% 5% 
* 3* 7" 
* 3* Fj* 
* 3" 9" 
* 3% l o *  
2" 3* 
* 3 %  !7* 
* 3% 1 "  
* 3 %  2* 
* 3" 3" 
* 3% 4* 
* 3" 5 %  
* 3* 6* 
i 2" 3, 
* 3* O *  
* 3* 1* 
i 3 1  2% 
* 3" 3" 
r e 3 i o n s  
WORLD R E G I O N S  
world r e g i o n s  
WORLD REGIONS 
T  world t o t a l  
WORLD TOTAL 




u n i t e d  s t a t e s  




b e l i z e  
dominican r e p  
Cuba 
ha i t i 
jamaica 
p u e r t o  r i c o  
t r i n i d a d  tobago 
o t h e r s  w i n d i e s  
R c e n t  amer ica  
CENT AVFRICA 
c o s t a  r i c a  
guatemala 
hondur a s  
n i c a r a g u a  
panama 
o t h e r s  c e n t r  am 
R s o u t h  a a e r i c a  
SOUT!4 AMERICA 
a r g e n t i n i a  
b o l i v i a  
b r a z i l  
c h i l e  
colurnbia 
ecuaclor 
f r e n c h  g u i a n a  
q u i a n a s  
pa raquay  
peru  
s u r  inam 
Uruguay 
venez t l e l a  
o t h e r s  s o u t h  am 
R west e u r o p e  
WEST TUROPE 
a u s t r i a  
be lg ium 
c r e t e  
d e n v a r k  
f i n l a n d  
f r a n c e  
germany west 
g r e e c e  
g r e e n l a n d  
i c e l a n d  
i r e l a n d  
i t a l y  
rna l ta  
n e t h e r l a n d s  
norway 
p o r t u g a l  
s a n  q a r i n o  
s i c i l y  
s p a i n  
s p i t s b e r g e n  
sweden 
S w i t z e r l a n d  
u n i t e d  ki nqdom 
o t h e r s  west e u r  
R e a s t  e u r o p e  
E A S T  CUROPF 
a l b a n i a  
b u l g a r i a  
c z e c h o s l o v a k i a  
g e r a a n y  e a s t  
hungary  
po land  
rumania  
U S S f  
y u g o s l a v i a  
R a f r i c a  n o r t h  
A F R I C A  NORTH 
a l g e r i a  
e g y p t  
l i b y a  
morocco 
t u n i s i a  
R a f r i c a  ce s o u  
A F R I C A  C S  SOU 
a n g o l a  
c a b i n d a  
cameroun 




e t h i o o i a  
e q u a  t g u i n e a  
f e r n a n d o  poo 
g a S o n  
garnbia  
gh:ana 
g u i n e a  
g u i n e a - b i s s a u  
i v o r y  c o a s t  
k e n y a  
l e s o t h o  
l i b e r i a  
ma1 i .. 
r n a l a g a s y  r e p  
m a u r i t a n i a  
mozarnbique  
, n a r n i b i a  
n i g e r  
n i g e r i a  
r h o d e s i a  
s e n e o , a l  
s i e r r a  l e o n e  
s o n l a l i a  r e p  
s o u t h  a f r i c a  
S p a n i s h  s a h a r a  
s u d a n  
s w a z i l a n d  
t a n z a n i a  
t o g o  
u p p e r  v o l t a  
z a i r e  
' o t h e r s  c s a f r i  
R m i d d l e  e a s t  
Y I D D L E  EAST 
a b u  d h a b i  
b a h r a i n  
d h o f a r  
C y p r u s  
d u b a  i 
i r a n  
i r  aq  
i s r a e l  
j o r d a n  
k u w a i t  
l e S a n o n  
n e u t r a l  z o n e  
Oman 
q a t a r  
r a s  a 1  kharnah 
s a u d i  a r a b i a  
s h a r j a h  
s h a r j a h  un im 
s y r i a  
t r u c i a l  c o a s t  
t u r k e y  
yemen 
o t h e r s  mid e a s t  
R a s i a  f a r  e a s t  
ASIA FAR EAST 
a f g h a n i s t a n  
b a n g l a d e s h  
b h u t a n  
bu rma  
l-4 14 
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i n t e r e s t e d  i n  OI L?  Yes 
i n t e r e s t e d  i n  a  OIL i n f o  o f  a  c o u n t r y ?  Yes 
d o  you n e e d  a  l i s t  o f  t h o  a v a i l a b l e  c o u n t r i e s ?  n o  
p l e a s e  e n t e r  name o f  c o u n t r y  
CURRNT N O D E  NAVE: u n i t e d  s t a t e s  
P AT14 : 1/ 1 /  2 /  3 /  
w a s  t h i s  c o u n t r y  f o u n d ?  
u n i t e d  s t a t e s  
Yes 
d o  y o u  w i s h  t o  see o i l  r e s e r v e s ?  Yes 
RELATION: r e s e r v e s  ATTRIBUTE: o r e s e r v e s  
u n i t e d  
u n i t e d  
u n i t e d  
u n i t e d  
u n i t e d  
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r e s e r v e s  
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r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
r e s e r v e s  
y e a r  
y e a r  
y e a r  
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ANNUAL OIL PRODUCTION 
O*OOOE 00 4 1 I I 
1950-00 1955*00 1960.90 1965.00 1970.00 1975.00 1390.00 
YEARS - U N I T E 0  STATES 
YEAR 
- ANNPROO 
CRUDE RESERVES A T  YEAR END 
YEARS - U N I T E D  S T A T E S  
YEAR 
--SC--K-- ORESERVE 
The "Facilitv Data Base" a Process Information 
System on Energy Production and Conversion 
Facilities 
Arnulf Grfibler and Martin Cellerier 
International Institute for Applied Systems 
Analysis, A-2361 Laxenburg, Austria 
and 
Compagie Franqaise des Pgtroles, rue 
Erlanger, 75016 Paris, France 
The Facility*Data Base (FDB), being one of the two basic tools 
of the WELMM. approach is a process information system on 
industrial energy production and conversion facilities. The 
information recorded in the FDB is stored at the level of 
"typical" (in considering size and technology) energy facilities 
or plants and covers physical indicators (WELMM resources) as 
well as economic data. In addition to quantitative data the FDB 
contains also qualitative information on the particular data in 
form of quality indicators and text notes as a result of an 
extensive data analysis and synthesis prior to computerization. 
The FDB structure and contents cover the areas of process iden- 
tification (name, location, capacity, etc.) and characterization 
(list of energy input-output flows) as well as the resource re- 
quirements (including cost data) for the construction and the 
operation of a particular facility. The data contents of the FDB 
are presented in detail along a sample listing of a nuclear 
facility. The data acquisition, analysis and computerization in 
a natural language relational data base management system are 
outlined. Finally, the possible applications of the FDB are 
discussed and conclusions on the relative advantage of process 
information systems like the FDB over other systems representing 
socio-economic activities (e.g. input-output tables) are drawn. 
4 
for : Water, Energy, Land, Materials, Manpower 
INTRODUCTION 
I n  o r d e r  t o  a s s e s s  t h e  n a t u r a l  r e sou rce  requirements  of 
r e sou rce  development s t r a t e g i e s  ( i n  p a r t i c u l a r  energy s t r a t e g i e s )  
an a n a l y t i c a l  approach c a l l e d  WELMM has  been developed a t  IIASA 
[ I ] .  The WELMM approach involves  an  assessment  of t h e  requi re -  
ments and t h e  a v a i l a b i l i t y  of Water, - - Energy, - Land, M a t e r i a l s  - 
and Manpower - r e s o u r c e s .  For q u a n t i t a t i v e  a n a l y s i s ,  t h e  WELMM 
approach is based on computerized d a t a  bases  of  primary r e sou rce  
* 
a v a i l a b i l i t y  a t  t h e  g l o b a l ,  n a t i o n a l  o r  r e g i o n a l  l e v e l  and on 
d a t a  bases  of r e sou rce  requirements  f o r  i n d u s t r i a l  p rocesses  
deployed i n  p roces s ing  primary (energy)  r e sou rces  t o  t h e  
commodities r equ i r ed  by t h e  f i n a l  consumer. 
The concept  of "process"  has  i t s  t h e o r e t i c a l  r o o t s  i n  
a c t i v i t y  a n a l y s i s  [ 2 ]  and i t s  f u r t h e r  e l a b o r a t i o n  by Georgescu- 
Roegen [ 3 ] .  A process  can be cons idered  simply a s  a system, 
s epa ra t ed  from i t ' s  environment by an imaginary ( d e f i n i t i o n a l )  
boundary. Within t h e  F a c i l i t y  Data Base (FDB) t h i s  boundary i s  
drawn i n  such a way t h a t  a p rocess  corresponds t o  an i n d u s t r i a l  
u n i t  o r  f a c i l i t y  a s s o c i a t e d  wi th  a s t e p  i n  t h e  v a l o r i z a t i o n  of  
an energy r e sou rce ,  going from t h e  primary r e sou rce  through 
secondary and t e r t i a r y  convers ion,  t o  t h e  t r a n s p o r t a t i o n  and 
d i s t r i b u t i o n  of t h e  f i n a l  commodities t o  t h e  end u s e r s .  A s  t h e  
FDB i s  energy o r i e n t e d  t h e  main i n p u t  and ou tpu t  f lows 
cover t h e  range from t h e  primary energy r e sou rce  ( c o a l ,  
uranium, . . . ) t o  f i n a l  energy ( e l e c t r i c i t y ,  h o t  wate r ,  . . . ) . 
Figure  1 summarizes t h e  WELMM process  a n a l y s i s .  The convers ion  
e f f i c i e n c y  of t h e  process  i s  de f ined  a s  t h e  r a t i o  between 
* 
see papers  by S. Medow and M. Grenon i n  P a r t  2 and 3 of  
t h e s e  proceedings  [ t h e  E d i t o r s ]  
primary i n p u t s  and n e t  o u t p u t s .  Add i t i ona l  o u t p u t s  of  t h e  
p roces s  a r e  p h y s i c a l  l o s s e s  and was tes  and non-energy by- 
p roduc t s .  I n  a d d i t i o n  t o  t h e  primary i n p u t  t h e  p r o c e s s  r e q u i r e s  
a d d i t i o n a l  m a t e r i a l  and s e r v i c e s  i n p u t s :  wa t e r ,  energy ,  l a n d ,  
manpower and pr imary m a t e r i a l s  l i k e  s tee l ,  c o n c r e t e  e tc . ,  used 
d i r e c t l y  on s i t e  ( i n s i d e  t h e  FDB t h e s e  i n p u t s  a r e  c a l l e d  t h e  
" d i r e c t  r e s o u r c e  r e q u i r e m e n t s " ) .  I n  a d d i t i o n  t h e  FBD a l s o  
r eco rds  t h e  c a p i t a l  goods requ i rements  ( b o i l e r s ,  h e a t  exchangers ,  
* 
etc . .  . ) however, o n l y  i n  terms of  t h e i r  m a t e r i a l s  and energy 
requ i rements  forming t h u s  t h e  s o c a l l e d  " i n d i r e c t  r equ i rements" .  
These WELMM r e s o u r c e  f lows a r e  recorded  bo th  f o r  t h e  c o n s t r u c t i o n  
pe r iod  o f  t h e  i n s t a l l a t i o n  a s  w e l l  a s  f o r  t h e  ( f u l l  s t r eam)  
o p e r a t i o n  o f  t h e  p roces s .  The WELMM r e s o u r c e s  i n c l u d e  e q u a l l y  
economic d a t a .  However, i n s i d e  t h e  WELMM approach,  most 
a t t e n t i o n  h a s  been devoted t o  t h e  n a t u r a l  r e s o u r c e  requ i rements  
and n o t  t o  t h e  q u e s t i o n  of  c o s t s ,  e s p e c i a l l y  i n  view o f  t h e  
s h o r t  term v a l i d i t y  of  economic d a t a .  The p roces s  a n a l y s i s  a s  
p r e sen t ed  i n  F igu re  1 a l s o  de te rmines  t h e  s t r u c t u r e  o f  t h e  
FDB organ ized  i n  t h r e e  main blocks:  p r o c e s s  c h a r a c t e r i z a t i o n  
( g e n e r a l  c h a r a c t e r i s t i c s  and l i s t  o f  i n p u t  and o u t p u t  f l o w s ) ,  
r e s o u r c e  requ i rements  f o r  c o n s t r u c t i o n  and o p e r a t i o n .  
A s  t h e  pr imary o b j e c t i v e  o f  t h e  FDB i s  t o  c h a r a c t e r i z e  
t e c h n o l o g i c a l  ( energy)  c h a i n s  (see Figu re  2jl and w i t h  t h e s e  
c h a i n s  whole energy systems i n  combining t h e  p roces se s  asso-  
c i a t e d  w i t h  t h e  v a r i o u s  t r ans fo rma t ion  s t e p s  of  t h e s e  c h a i n s ,  
* 
t h e  i n d i r e c t  energy requ i rements  i n c l u d e  e q u a l l y  t h e  energy 
embodied i n  t h e  d i r e c t  " f i e l d "  m a t e r i a l s  r e q u i r e d  f o r  t h e  
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Figure 1. WELMM Process Analysis 
t h e  f a c i l i t i e s  i n  t h e  FDB can be c l a s s i f i e d  f i r s t  accord ing  
t o  t h e i r  p o s i t i o n  i n  t h i s  convers ion h i e r a rchy :  from ex t r ac -  
t i o n ,  t r a n s p o r t a t i o n ,  convers ion t o  d i s t r i b u t i o n  and s t o r a g e .  
Another c l a s s i f i c a t i o n  can be  made accord ing  t o  t h e  degree  of 
m a t u r i t y  a t t a i n e d  by t h e  technology o f  a p a r t i c u l a r  f a c i l i t y  
(mature,  i n  developing s t a g e ,  p i l o t  o r  expe r imen ta l ) .  F i n a l l y ,  
a  c l a s s i f i c a t i o n  can be made according t o  t h e  kind o f  primary 
energy conver ted ( o i l ,  gas ,  c o a l ,  uranium, s o l a r ,  e t c  ... 1 .  
The d e f i n i t i o n  of  a p rocess  o r  f a c i l i t y  t o  be  s t o r e d  i n  
the.FDB fo l lows  f i r s t  t h e  t h r e e  c l a s s i f i c a t i o n  schemes presen ted  
above. I n  a d d i t i o n  t h e  d e f i n i t i o n  of a f a c i l i t y  i s  done a t  a  
l e v e l  t h a t  it r e p r e s e n t s  a " t y p i c a l "  example of  t h e  technology 
deployed.  There a r e  two main f a c t o r s  enab l ing  t h e  d e f i n i t i o n  
o f  such " t y p i c a l "  f a c i l i t i e s .  F i r s t ,  f o r  each i n d u s t r i a l  
, 
convers ion s t e p ,  on ly  a l i m i t e d  number of  t echno log ie s  i n  t h e  
va r ious  m a t u r i t y  l e v e l s  e x i s t .  The t echno log ica l  c h a r a c t e r -  
i s t i c s  of any f a c i l i t y  a r e  independant from t h e i r  l o c a t i o n  ( a t  
l e a s t  t o  a very  b i g  e x t e n t )  and t h e  r e s u l t i n g  f a c i l i t y  desc r ip -  
t i o n  is  a p p l i c a b l e  a l s o  o u t s i d e  t h e  n a t i o n a l  c o n t e x t  it w a s  
developed i n .  A good example f o r  t h i s  i s  provided i n  t h e  
a r e a  of L igh t  Water Reactors :  a  m a j o r i t y  o f  t h e  r e a c t o r s  
b u i l t  a r e  P re s su r i zed  Water Reactors  u s ing  t h e  same (Westing- 
house) l i c e n s e ,  t h e s e  r e a c t o r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  
whether t hey  a r e  cons t ruc t ed  i n  t h e  USA, i n  France o r  f o r  
i n s t a n c e  exported t o  a developing count ry .  
Secondly, t h e r e  i s  an i n c r e a s i n g  t r e n d  towards s tandard  
s i z e  c l a s s e s  f o r  energy f a c i l i t i e s  ( e . g .  t h e  above mentioned 
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Figure 2. Example of Nuclear and Solar Thermal 
Electricity Generating Chains 
1300 MWe, o r  c rude  o i l  t a n k e r s  of  250 000 o r  300 000 DWT o r  
a  1 0  m i l l i o n  tons /year  o i l  r e f i n e r y ) .  Both f a c t o r s  f a c i l i t a t e  
t h e  d e f i n i t i o n  of a  l i m i t e d  number o f  f a c i l i t i e s ,  c h a r a c t e r i z i n g  
a  p a r t i c u l a r  energy system. 
F i n a l l y ,  it should be mentioned, t h a t  t h e  p roces s  boundary 
de f ined  f o r  t h e  FDB ( i . e .  corresponding t o  an i n d u s t r i a l  f a c i l i t y )  
is f l e x i b l e  - a t  a  conceptua l  l e v e l  and from t h e  p o i n t  of  view 
of t h e  a c t u a l  d a t a  base  s t r u c t u r e  and management system. So i n  
c a s e  a  f u r t h e r  d i s agg rega t ion  of  a  f a c i l i t y  i n t o  v a r i o u s  sub- 
p rocesses  (e .g .  t h e  d i sagg rega t ion  of a  power p l a n t  i n t o  steam 
produc t ion ,  e l e c t r i c i t y  gene ra t ion ,  coo l ing  and environmental  
c o n t r o l  p roces ses )  appears  necessary  t h i s  can be done w i t h i n  
t h e  p r e s e n t  concepts  and s t r u c t u r e  of  t h e  FDB. 
Data conta ined  i n  t h e  FDB and DBMS 
For each f a c i l i t y  t h e  FDB c o n t a i n s  both  q u a n t i t a t i v e  as 
we l l  a s  q u a l i t a t i v e  in format ion .  The l a t t e r  r e f l e c t s  t h e  
f a c t  t h a t  p r i o r  t o  computer iza t ion  t h e  d a t a  a r e  analyzed 
and t h e i r  q u a l i t y  a s se s sed .  This  assessment  is  documented 
bo th  numerical ly  ( th rough  a  q u a l i t y  i n d i c a t o r )  a s  w e l l  a s  
t e x t u a l l y  ( through f o o t n o t e s  r eco rd ing  t h e  o r i g i n a l  d a t a  
r e f e r e n c e s ,  d a t a  convers ions  c a r r i e d  o u t ,  e t c  ...) i n s i d e  t h e  
FDB. The p r e s e n t a t i o n  of  t h e  d a t a  always fo l lows  t h e  s a m e  
p a t t e r n ,  whatever t h e  f a c i l i t y .  The FDB c o n s i s t s  o f  t h e  
fo l lowing  f i l e s  ( a  d e t a i l e d  example. p r i n t o u t  of a  FDB 
f a c i l i t y  i s  presen ted  i n  t h e  appendix) : 
- proces s  i d e n t i f i c a t i o n :  code of f a c i l i t y ,  name, l o c a t i o n ,  
* * 
primary c a p a c i t y  , secondary c a p a c i t y  , (energy)  e f f i c i e n c y ,  
p lanning  and c o n s t r u c t i o n  d u r a t i o n ,  o p e r a t i n g  ( l o a d )  f a c t o r ,  
t e c h n i c a l  l i f e t i m e  and two t e x t  f i l e s  d e s c r i b i n g  t h e  p r o j e c t /  
f a c i l i t y ,  d a t a  sou rces  e t c .  and t h e  technology o r  p rocess  
c h a r a c t e r i s  t i c s  
- process  c h a r a c t e r i z a t i o n  ( l i s t  of  i n p u t  and o u t p u t  f l o w s ) :  
code of f a c i l i t y ,  i npu t /ou tpu t  c h a r a c t e r i z a t i o n  (pr imary,  
secondary,  e t c  ... 1 ,  flow q u a n t i t y  and code number o f  
* 
r e sou rce  flow 
- r e sou rce  requi rements  f o r  c o n s t r u c t i o n  and o p e r a t i o n  (two 
s e p a r a t e  f i l e s ) :  code o f  f a c i l i t y ,  code number o f  r e sou rce  
* flow , r e sou rce  q u a n t i t y ,  d a t a  q u a l i t y  i n d i c a t o r  (from 1 t o  5 )  
code f o r  f o o t n o t e  r e f e r r i n g  t o  t e x t  f i l e  c o n t a i n i n g  back- 
ground in format ion  on d a t a  sou rce ,  v a l i d i t y ,  e t c . . .  
The process  c h a r a c t e r i z a t i o n  f i l e  c o n t a i n s  f o r  each 
f a c i l i t y  a  d i f f e r e n t  number of  i npu t /ou tpu t  f lows.  A s  only  
t h e  energy flows a r e  recorded i n  t h i s  f i l e  ( a l l  o t h e r  f lows 
a r e  recorded i n  t h e  c o n s t r u c t i o n  o r  o p e r a t i o n  f i l e )  t h e y  can 
be c l a s s i f i e d  e a s i l y  i n  one o f  t h e  fo l lowing  c a t e g o r i e s :  
* 
a l l  r e s o u r c e  f lows a r e  coded and de f ined  i n  a  r e sou rce  
flow denomination f i l e  p rov id ing  f o r  each code number t h e  
name, u n i t  and d e f i n i t i o n  o f  t h e  p a r t i c u l a r  r e sou rce  
flow 
P I  PRIMARY I N P U T  
P I E  PRIMARY I N P U T  EQUIVALENT 
S I  SECONDARY INPUT 
SIE SECONDARY I N P U T  EQUIVALENT 
PO PRIMARY OUTPUT 
POE PRIMARY OUTPUT EQUIVALENT 
SO SECONDARY OUTPUT 
SOE SECONDARY OUTPUT EQUIVALENT 
The energy e q u i v a l e n t s  a r e  normally based on t h e  c a l o r i f i c  
e q u i v a l e n t  va lues  c a l c u l a t e d  f o r  t h e  p a r t i c u l a r  i npu t /ou tpu t  
and expressed i n  a  common u n i t  (e .g .  ton  o i l  e q u i v a l e n t )  
f o r  a l l  f a c i l i t i e s  a long  a  p a r t i c u l a r  t echno log ica l  cha in ,  
t h i s  i n  o r d e r  t o  e a s e  t h e  l i n k a g e  of t h e  v a r i o u s  p roces ses  t o  
go from t h e  primary r e sou rce  till t h e  f i n a l  product .  
The f i l e s  c o n t a i n i n g  t h e  r e sou rce  requirements  f o r  
c o n s t r u c t i o n  and o p e r a t i o n  r eco rd  t h e  requirements  a s  t o t a l s  
f o r  t h e  whole c o n s t r u c t i o n  per iod  ( a l l  requirements  p r i o r  t o  
s t a r t  up o f  f u l l  s t ream o p e r a t i o n )  and a s  t o t a l s  f o r  one 
year  of f u l l  s t ream o p e r a t i o n .  Each i n d i v i d u a l  d a t a  is  
accompanied by a  q u a l i t y  i n d i c a t o r  and a  t e x t  foo tno te .  
The q u a l i t y  i n d i c a t o r  a s  an a p p r e c i a t i o n  of  t h e  d a t a  q u a l i t y  
i s  of cou r se  s u b j e c t i v e ,  b u t  t r i e s  t o  t a k e  i n t o  account :  t h e  
c r e d i b i l i t y  of  t h e  o r i g i n  of d a t a ,  t h e  v i a b i l i t y ,  t h e  homo- 
g e n e i t y  wi th  o t h e r  sou rces  and t h e  range of  u n c e r t a i n t y  a s  
de f ined  i n  Table 1 .  
Table 1 .  Qua l i t y  va lue  a s s o c i a t e d  wi th  each d a t a  parameter .  
The t e x t  f o o t n o t e  c o n t a i n s  a d d i t i o n a l  exp lana t ion  on t h e  
p a r t i c u l a r  d a t a :  on i t ' s  q u a l i t y  assessment ,  i t ' s  o r i g i n  and 
I 
Note 
transformation/conversion c a r r i e d  o u t  and i t ' s  v a r i a t i o n  depen- 
d ing  on t h e  geographica l ,  t e c h n i c a l  and temporal  c o n t e x t  it 
P 
1 
can be cons idered .  
Another c h a r a c t e r i s t i c  o f  t h e  d a t a  is  t h a t  they a r e  s t o r e d  
very good k 10% 
a t  va r ious  agg rega t ion  l e v e l s .  For i n s t a n c e ,  manpower r equ i r e -  
ments a r e  given a s  a  t o t a l  of man-hours o r  man-years, b u t  
one f i n d s  a l s o  a  breakdown of t h a t  t o t a l  i n t o  fou r  c a t e g o r i e s  
2 good k 25% 
i 
of  manpower: manual t e c h n i c a l  ( t e c h n i c i a n s ,  q u a l i f i e d  w o r k e r s ) ,  
3 
4 
manual non- t e c h n i c a l  (non-qua l i f i ed  manpower) , non-manual tech- 
f a i r  k 50% 
poor k 100% 
n i c a l  ( eng inee r s )  and non-manual non- technical  ( l awyers ,  d o c t o r s ,  
e t c . ) .  O r  f o r  i n s t a n c e  t h e  t o t a l  s t e e l  requirements  a r e  f i r s t  
d i f f e r e n c i a t e d  i n t o  t h e  t o t a l  d i r e c t  ( f i e l d )  requirements  
and t h e  i n d i r e c t  requirements  and then  (depending on t h e  
d a t a  a v a i l a b i l i t y )  f u r t h e r  d i saggrega ted  on b a s i s  o f  t h e i r  
q u a l i t y  (e .g .  carbon s t e e l ,  s t a i n l e s s  s t e e l ,  e t c  ...) and 
t h e i r  u t i l i z a t i o n  (e .g .  a s  s t r u c t u r a l  s t e e l ,  p i p e s ,  p l a t e s ,  
i n  equipment e t c  ... ) .  The l e v e l  o f  d e t a i l  t h e  d a t a  a r e  recorded 
i n  t h e  FDB i s  t hus  f l e x i b l e  and can fo l low t h e  s t r u c t u r e  and 
d e t a i l  i n  which d a t a  become a v a i l a b l e ,  f o r  i n s t a n c e ,  from 
i n d u s t r y .  
Numerical d a t a  a s  w e l l  a s  s h o r t  non-numerical in format ion  
(e .g .  f a c i l i t y  name, l o c a t i o n ,  e t c  ... ) a r e  s t o r e d  i n  a  r e l a t i o n a l ,  
n a t u r a l  language d a t a  base  management system c a l l e d  INGRES 
( [ 4 ] ,  [ 5 ] ) ,  developed a t  t h e  Un ive r s i t y  o f  C a l i f o r n i a ,  Berkely .  
INGRES o p e r a t e s  on t o p  of  t h e  U N I X  system on a  PDP 1 1 / 7 0 .  The 
t e x t  in format ion  o f  t h e  f o o t n o t e s  i s  s t o r e d  o u t s i d e  INGRES 
i n  normal U N I X  f i l e s .  The use  of  a  r e l a t i o n a l ,  n a t u r a l  language 
DBMS a l lows  t h e  u s e r  t o  r e t r i e v e ,  ana lyze  o r  manipuiate  t h e  d a t a  
of  t h e  FDB i n  a very  s imple  way through a  few n a t u r a l  language 
commands. An example of  t h e  query language used i n s i d e  INGRES 
i s  provided i n  t h e  appendix i n  r e t r i e v i n g  c e r t a i n  f a c i l i t y  
c h a r a c t e r i s t i c s  (code,  name, l o c a t i o n  and primary c a p a c i t y )  from 
two INGRES r e l a t i o n s  ( f a c i l i t y  i d e n t i f i c a t i o n  and r e s o u r c e  
flow denomination f i l e ) .  Yet i n  many c a s e s  a  p o t e n t i a l  u s e r  
might e q u a l l y  r e q u i r e  t o  look a t  a l l  t h e  in format ion  r e l a t i v e  
t o  a  p a r t i c u l a r  f a c i l i t y  a t  once,  i nc lud ing  e q u a l l y  t h e  f o o t n o t e s  
and i n  hard  copy format .  For t h i s  a  s p e c i a l  program ( c a l l e d  
FACOUT) has  been developed,  which a c c e s s e s  a l l  r e l e v a n t  i n fo r -  
mation on a  f a c i l i t y  s t o r e d  i n  INGRES and U N I X  and a f t e r  
e d i t i n g  produces a  complete p r i n t o u t  o f  a l l  d a t a  o f  t h e  FDB 
on a  p a r t i c u l a r  f a c i l i t y  ( t o  be p r e c i s e d  by t h e  u s e r  t o  t h e  
i n t e r a c t i v e  program).  This p r i n t o u t  i s  s t o r e d  i n  a  s p e c i a l  
f i l e ,  which can  then  be p r i n t e d  by a  l i n e  p r i n t e r .  P a r t s  
of  such a  complete p r i n t o u t  ( i n  excluding some of  t h e  
voluminous f o o t n o t e s )  is reproduced i n  t h e  appendix i n  t h e  
sample l i s t i n g  of  a  nuc l ea r  f a c i l i t y .  
Data a c q u i s i t i o n  and t echno log ie s  covered by FDB 
It is e v i d e n t  t h a t  t h e  va lue  o f  any p a r t i c u l a r  d a t a  base  
stems from t h e  v a l u e  of t h e  d a t a  c o l l e c t e d  and computerized.  
For t h e  FDB two main types  of  d a t a  sou rces  have been used: 
publ ished l i t e r a t u r e  and e x i s t i n g  energy d a t a  bases  (e .g .  
t h e  one developed by t h e  Bechtel  Corpora t ion ,  [ 6 1 )  and d i r e c t  
c o n t a c t s  w i th  i n d u s t r y .  There a r e  many problems a s s o c i a t e d  
wi th  d a t a  c o l l e c t i o n  from l i t e r a t u r e  o r  e x i s t i n g  d a t a  bases :  
t h e  two main ones  r e l a t e  t o  t h e  f a c t  t h a t  they  have been 
developed f o r  s p e c i f i c  purposes on ly ,  and i n  p r a c t i c a l l y  a l l  
c a s e s ,  t h e  d a t a  cannot  be  v e r i f i e d  o r  unders tood how they  were 
a r r i v e d  a t .  This  i s  why i n  t h e  FDB s p e c i a l  a t t e n t i o n  was q iven  
t o  c a r e f u l  d a t a  a n a l y s i s  and s y n t h e s i s  p r i o r  t o  computer iza t ion  
and t o  t h e  documentation of  t h i s  a n a l y s i s .  The b e s t  d a t a  can 
be ob ta ined  by d i r e c t  c o n t a c t s  w i t h  i n d u s t r y .  For t h e  FDB, t h i s  
was done e i t h e r  by f i e l d  t r i p s  o r  through s p e c i a l l y  designed 
q u e s t i o n n a i r e s .  F i n a l l y ,  it should be emphasized t h a t  t h e  
d a t a  c o l l e c t i o n  and a n a l y s i s  f o r  any process  in format ion  system 
l i k e  t h e  FDB i s  a very t i m e  (and money) consuming t a s k  and has ,  
t h e r e f o r e ,  t o  be  r e s t r i c t e d  i n  c e r t a i n  a p p l i c a t i o n - o r i e n t e d  
a r e a s .  However, once t h e  d a t a  have been assembled and analyzed 
( e .g .  through s t a t i s t i c a l  a n a l y s i s ,  checks on cons i s t ency  wi th  
o t h e r  sou rces ,  c o n t a c t s  w i th  i n d u s t r y ,  e t c  ... ) ,  they  can  be 
e a s i l y  t r a n s f e r r e d  and used i n  a p p l i c a t i o n s  f o r  which they  
have n o t  been o r i g i n a l l y  designed.  
Areas covered by the FDB 
In the initial development phase of the FDB data on a 
a wide range of technologies and energy resources have been 
collected, analyzed and computerized. This in order to check 
the validity and flexibility of the concepts and desisn of the 
FDB. The conclusion from this exercise was that the FDB is 
flexible enough to cover a wide range of technologies and 
energy (or other material) resources: from small-scale solar 
photovoltaics to large nuclear power plant parks, from trans- 
portation to storage facilities etc... The only area where 
the FBD concept had to be reconsidered was for primary extraction 
processes as the deposit geology determines first of all the 
size and technology of a particular facility. A sample listing 
of this variety of technologies covered in the FDB ranging from 
conventional and unconventional oil, coal, solar and nuclear 
to hydrogen and electricity production, transport and storage, is 
presented in the sample facilities listing presented in the 
appendix. Further areas of extension of the FDB are application- 
oriented concentrating in the areas of solar and nuclear 
energy scenarios as well as in the area of centralized versus 
decentralized solar energy. The total number of around 70 
facilities computerized does not appear large but should not 
* 
be judged on a quantitative viewpoint alone but rather on a 
qualitative in considering the extensive data analysis, synthesis 
and documentation it involves. 
* 
in fact even the earlier mentioned data base by the Bechtel [ G I  
Corporation, one of the world's largest company in design, 
construction and operation engineering of energy installations 
is limited to around 100 facilities. 
Possible Applications of FDB 
The FDB can serve not only analysis of energy systems but 
can be equally used in the analysis of any resource processing 
system, which purpose is to transform natural resources to a 
higher degree of utility. Inside IIASA the FDB serves mainly 
for applications in the areas of comparison of energy chains 
for the production of specific final energy carriers (e.g. 
electricity) or of energy services (i.e. at the useful energy 
level like heating, lighting etc.. . )  [7], [8] ; or in the com- 
parison of whole energy systems (or "scenarios") within a 
specific country context [9]. At the regional level applications 
concentrate in the areas of evaluation of the maximum potential 
of renewable energy resources (e.g. biomass) or the study of 
* 
centralized versus decentralized energy systems . In all these 
studies the FDB enables one to consider a wide range of study 
topics and analysis techniques: quantitative and qualitative 
scenario analysis, study of resource constraints of (energy) de- 
velopment strategies at the international, national or regional 
level, impact assessment of development of alternative energy 
sources, choice of technologies and systems optimization using 
also economic criteria and linear programming techniques, etc.. 
Still the FDB is not entirely model (or application) independent, 
as for instance, data on air or water pollution have not been 
included thus far. However, from the viewpoint of the FDB structure 
and it's actual implementation these additional components could 
be easily integrated. 
* 
The results of this study are documented in: F. Emard-Katsonis 
and D. Gourmelon, (forthcoming 1983), Resources and Economic 
Assessment of Centralized and Decentralized Solar Electric Systems, 
Electric Power Research Institute, Palo Alto, California 
[the Editors] 
Conclusions 
A s  a  conc lus ion  we would l i k e  t o  summarize b r i e f l y  t h e  main 
advantages of a  d a t a  base  system l i k e  t h e  FDB: The f i r s t  main 
advantage d e a l s  wi th  t h e  a p p l i c a t i o n  of  t h e  concept  of p roces s  
i n  an  in format ion  system. Data Bases l i k e  t h e  FDB assemble 
in format ion  on a  h i g h e r  l e v e l  ( i . e .  t hey  a r e  in format ion  r i c h )  
t han  any o t h e r  t ype  of  in format ion  systems t o  r e p r e s e n t  socio-  
economic a c t i v i t i e s  (eg.  input-output  t a b l e s ) .  The d a t a  a r e  
de r ived  from "engineer ing"  type  of in format ion  and i n  a d d i t i o n  
t o  economic d a t a  u t i l i z e  mainly p h y s i c a l  i n d i c a t o r s ,  t h u s  t h e  
in format ion  i s  n o t  t ime o r  count ry  s p e c i f i c  and may t h u s  a l s o  
be used o u t s i d e  t h e  coun t ry  c o n t e x t  t hey  have been developed 
f o r .  The use  of phys i ca l  (WELMM t ype )  i n d i c a t o r s  and eng inee r ing  
d a t a  r e s u l t  i n  d a t a  v a l i d i t y  over  long t ime pe r iods ,  e a s i n g  
thus  a  more long-term d a t a  base  build-up.  E s s e n t i a l  f o r  t h e  
FDB is  t h e  c a r e f u l  d a t a  a n a l y s i s  and e x t e n s i v e  documentation.  
The va lue  of  t h e  FDB comes mainly from t h e  q u a l i t y  o f  t h e  d a t a ,  
t h e  wide range of  in format ion  they  cover  and t h e i r  i n t e r n a t i o n a l  
n a t u r e  and t h e  ea sy  t o  use  n a t u r a l  language DBMS, whereas 
we f e e l  t h e  q u a n t i t a t i v e  a s p e c t  (number o f  f a c i l i t i e s  recorded 
and/or t h e  shee r  amount o f  d a t a )  of secondary importance.  The 
FDB can suppor t  a  wide range of p o s s i b l e  a p p l i c a t i o n s ,  a  number 
of them have been performed a t  IIASA demonstra t ing t h e  f e a s i b i l i t y  
and f l e x i b i l i t y  o f  t h e  FDB. Never the less  t h e  FDB should n o t  
be cons idered  a s  e n t i r e l y  model o r  a p p l i c a t i o n  independant,  a s  
t h e  d e t a i l e d  d a t a  a n a l y s i s  involved makes t h e  development of  
p rocess  d e s c r i p t i o n s  and d a t a  f o r  t h e  FDB f e a s i b l e  on ly  i n  
a r e a s  where c o n c r e t e  a p p l i c a t i o n s  a r e  performed. Never the less  
the flexibility of the FDB concepts and structure allow to 
extend the FDB in areas required by further applications (e.g. 
in adding detailed environmental data) enlarging thus further 
the usefulness of such a tool. 
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Appendix : 
- Example of INGRES DBMS query language i n  r e t r i e v i n g  
l i s t  of f a c i l i t i e s  
- Sample p r i n t o u t  of  FDB f o r  nuc l ea r  l i g h t  wate r  r e a c t o r  
f a c i l i t y  wi th  examples f o r  f o o t n o t e s  (no te :  t h e  
va lue  of -1  deno te s  d a t a  no t  a v a i l a b l e )  
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*ran80 of a is faoilities 
.range of b is resouroe 
.retrieve (a.oode,a.name,a.loo,a.oapp,b.nnit,b.nme) 
*where a. oaprrb. nun 
-8 
lotrioal Load-Aeid Batt*ry Storu. 
11 fired power plaat 338 
P u o  0.1 guilioation oow1.r 
botrioi ty dirtribution for la. (PI) 
lotrioit7 traaamission for I GU. (PI) 
raamissioa lin. >PB kV 
rasmisaion line >345 kV 
rasmisrioa Lia. of 488 kV 
l I  C.11~ 
!00lW uai ts-Siwi. Cyol. Gas Turbin.8 
Iro8.a distribution m.twork 
lotroiy t io Eydro8.a Prodoo tion 
Lros.o pipoi in. 
Iw g u o l  in. ref inor? 
1.1 r.fin.ry 
1.1 rofinory 
sh ruoiin. r.fin.r~ 
rioi;n. raf i n ~ r y  
1to0.1ls nodor Cono. JPL Estiut. 
@ (Mi tr.) int.rm.d.maad 6hra story. 
lmir 
1too.11~ radar Cono.otr, 1.25 kY 
~too.ils ondot Conorntr. 2.5 kY 
1too.1lr under Cono~ntr. 5 kY 
1too.11~ u. Conoratr. 1.25 kY. D~ooatr 
1too.11~ u. Conoontr. 2.5 kY, Deoontr. 
1too.11~ u. Conoontr. 1.25 kY, Cent?. 
lotrio81 Load-Aoid Battery Story. 
mod Story. 
~t oanadian oil sands 
mod Story. 
~d fired el.otrio plant 
1 slurry pr.paratioa dr d.wat.rina 
~otrioi ty distribution 
he t.ro8.n oor. 
I fuel fabrioation 
L fuel r.proo.rain. 
~otrolytio hydroson prodaotion 
Ih lev01 wasto story. 
1 1er.l vast. story. 
L ri th draft oool in8 tower 
L (*.s tin&toua. 1 io*no.) 
L (Y.stin$hona. 1 iceno.) 
L fuel fabrioation v/o po r~oyolina 
L fuel reprooessin8 (pn s.paration) 
*faom uranium mine (888 ppmU ore) 
rnium oonr.rsion u308 to nf6 
mium .nriohi.nt gas.ooa diffosion 
i.rsrouod araaium shale ain. (69 ppmU 
i.r$round uranium mino (888 ppmU or.) 
rniom shale mill (69 ppmU or.) 
1n ium mi 1 1  (888 pomU or.) 
: fraao. 
:amstria 
:uni tad statas 
:uai t.d stat08 
juni tad stat.. 
. frano. 
: f ran00 
: frano. 
:uni tad stat.. 
iuni tad statas 
rn fraao. 
: 
: f rano. 
: un i tad o ta. 
: uni t.d stater 
:austria 
:uni tad stat08 
:united states 
:uni tod states 
:uni tad staton 
: f rano. 
: frano. 
: frano. 
: f ran00 
a :  f ran00 
: frano. 
: f ran00 
: f rano. 
: f ranee j oanada 
8 f ranom 
juai tad statas 
rn uni tod s ta. 
: f ran00 . . 
: f rano. 
: f ranoo 
: f rano. 
: f ran00 
: f rano. 
: f ran00 
juni t.d stat.. 
8 f rano. 
: f ran00 
: f ran00 
: f ran00 
:U exporter 
: f rance 
: f ran00 
:uni tad stat.. 
:U exporter 
:nai led stat.. 
:U exportor 
: 8.18ei 19.6 kwh 
: xle.@@@.m.aawatt 



























: 45888.688: bbl/oaldrr 
: 5@@.688:m.8awatt 
: 56;888: mesawatt 
: 2.267.47:m.trio ton. 
: 1688.688:m.sawatt 
: 1288.688: m.sawat t 
: 58B.688:m.trio tons 







: 68B.688nm.trio tons 
: ISBe.688:m.trio tons 
:27588B.B88:m.trio tons 
: 9878.688:metric tons 
8.758: 19.6 s m  
: 6.688.+86:m.trio tons 
: 115888.688:m.trio tons 
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: toppin8 oapaoi ty 
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:el.otrio oapaoity 
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: hydrogoo 
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:hoary metal (u pn) 
:uranium or. 88Bppm 
 yellow cake(7SZue) 
, s.paratir. work uni t 
:uranium shale 60ppm 
:uranium orr 88Bppm 
jnranium shale 69ppm 
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